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DRAINAGE    MODIFICATIONS    IN    KNOX,    LICKING 
AND  COSHOCTON  COUNTIES. ' 

By  W.   Blair  Clark. 

It  is  not  intended  in  this  article  to  discuss  the  whole  drain- 
age system  of  these  three  counties,  or  even  that  of  any  one  of 
them.  The  area  to  be  studied  may  be  bounded  roughly  by  the 
triangle  whose  vertices  are  located  at  Newark,  Mt.  Vernon  and 
Coshocton.  This  territory  is  entirely  within  the  hydrographic 
basin  of  the  Muskingum  and  practically  all  its  drainage  is  carried 
to  that  river  by  three  streams. 

The  largest  of  these  three  streams  is  the  Walhonding 
River  which,  with  its  upper  continuation.  Owl  Creek,  flows 
along  the  northern  side  of  the  triangle  outlined  above.  This 
drainage  axis  is  the  outlet  for  all  the  northwestern  and  northern 
portions  of  the  region  under  consideration.  In  addition,  the 
Walhonding  receives  very  considerable  contributions  from  the 
North,  chiefly  by  way  of  Mohican  and  Kilbuck  Creeks.  With 
the  exception  of  the  lower  part  of  the  former,  these  two  creeks 
were  not  studied  in  this  investigation. 

South  ot  the  Walhonding  is  Wakatomaka  Creek,  second  in 
order  of  the  three  streams  indicated  above  not  only  in  location 
but  in  size  as  well.  The  axis  of  this  creek  takes  a  general 
southeasterly  direction  through  the  heart  of  the  area  under  re- 
view. It  drains,  perhaps,  rather  more  than  a  third  of  the  tri- 
angle. 

Lastly,  the  Rocky  Fork  is  a  small  creek  confined  almost 
exclusively  to  the  northeastern  part  of  Licking  County,  and 
draining  quite  approximately  that  whole  section  of  the  county, 
an  exception  being  found  along  the  extreme  eastern  border 
which  is  drained  by  the  Wakatomaka. 

A  clearer  idea  of  the  relations  of  these  streams  may  be  had 
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by  referring  to  Plate  I.,  which  is  a  sketched  map  of  the  drain- 
age whose  central  outlines  have  just  been  indicated.  Even  a 
casual  study  of  this  map  can  hardly  fail  to  reveal  peculiarities 
in  the  drainage  which  it  represents.  Perhaps  the  first  of  these 
to  catch  the  eye  is  the  fact  that  the  North  Fork  of  the  Licking 
receives  no  tributaries  from  the  East,  all  the  water  that  might 
be  expected  to  come  into  it  from  that  direction  flowing  off  by 
way  of  the  smaller  and  more  tortuous  Rocky  Fork,  which  rises 
almost  in  the  valley  of  the  North  Fork.  Again,  Owl  Creek 
leads  into  a  roundabout  course  some  drainage  that  one  might 
reasonably  suppose  ought  to  come  down  into  the  North  Fork, 
This  supposition  is  all  the  more  rational  when  it  is  known  that 
the  headwaters  of  both  Owl  Creek  and  the  North  Fork  are  in 
the  same  preglacial  valley.  Another  strange  feature  is  the  ir- 
regularity of  the  Wakatomaka  system.  Although  its  axis 
maintains  a  generally  southeasterly  direction,  the  main  stream 
itself  is  extremely  tortuous  and  its  tributaries  preserve  nothing 
like  normal  parallelism. 

Having  noted  some  of  these  pecularities  it  will  not  be  out 
of  place  next  to  outline  briefly  the  map  study  which  served  as 
a  preliminary  to  the  field  study.  The  working  hypotheses 
with  which  we  entered  the  field  were  based  upon  this  map 
study  in  connection  with  the  work  already  done  by  Professor 
Tight  in  adjacent  regions  to  the  South  and  Northwest.  Indeed 
it  will  readily  be  understood  by  those  who  have  followed  the  in- 
vestigation upon  glacial  stream-modification  in  Ohio  that  the 
work  in  this  region  was  undertaken  with  the  idea  of  correlating 
changes  found  here  with  those  already  worked  out  in  adjoining 
territory. 

Some  years  ago,  while  engaged  on  his  researches  in  the 
neighborhood  of  Hanover  and  the  Licking  Gorge  \  Professor 
Tight  had  noticed  a  rather  large  preglacial  valley  tributary  to 
what  he  has  called  the  Old  Newark  River.  This  old  tributary 
came  seemingly  from  the  Northeast  and  entered  the  main  valley 
at  a  point  nearly  opposite  Hanover.     But  at  present  it  brings 
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into  the  valley  no  stream  larger  than  a  wet  weather  run.  Lack 
of  time  forbade  exploration  of  this  old  tributary  and  the  deter- 
mination of  the  area  formerly  drained  by  it  was  left  as  a  problem 
for  the  future.  Later,  when  eroded  cols  had  been  located  above 
Walhonding  on  Owl  and  Mohican  Creeks  it  was  felt  that  the 
mouth  of  the  Walhonding  was  too  far  east  to  have  been  the 
outlet  for  the  middle  basin  of  that  stream  in  a  normal  system 
of  drainage.  So  after  map  study  it  was  concluded  that  the  most 
probable  outlet  for  this  middle  portion  of  the  Walhonding  (pos- 
sibly including  Kilbuck  Creek  also)  was  by  way  of  an  axis  fol- 
lowing West  of  South  and  emptying  into  the  Old  Newark  River 
as  the  tributary  whose  mouth  had  been  already  observed  op- 
posite Hanover.  At  the  same  time  the  possibility  of  this  sect- 
ion of  the  Walhonding  having  gone  out  to  the  West,  passing 
somewhere  near  Bladensburg,  was  noted  and  discussed.  (In 
this  case  it  would  have  emptied  into  the  Old  Mt.  Vernon  River, 
a  pre-glacial  stream  located  by  Professor  Tight  in  the  course  of 
some  work  the  result  of  which  has  not  yet  been  published.  Its 
location  may  be  noted  on  Plates  II.  and  III.) 

Passing  next  to  the  Wakatomaka,  it  was  thought  that  an 
eroded  col  would  probably  be  found  somewhere  near  the  point 
where  this  creek  crosses  the  line  between  Knox  and  Licking 
Counties.  In  this  case  all  the  upper  waters  of  this  stream  would 
have  gone  originally  West  or  Northwest  into  the  Old  Mt. 
Vernon  River,  while  its  middle  course  would  have  been  crossed 
at  some  point  by  the  preglacial  stream  emptying  opposite  Han- 
over. And  its  lower  waters  would  have  entered  the  Old  New- 
ark Valley,  as  at  present,  near  Frazeysburg.  Reference  to 
Plate  II.  will  make  clear  the  fact  that  the  Wakatomaka  in  that 
portion  of  its  course  between  Frazeysburg  and  Dresden  is  now 
flowing  up  the  valley  of  the  Old  Newark  River.  This  reversal, 
as  has  been  pointed  out  by  Professor  Tight's  work  ^ ,  being  due 
to  the  glacial  dam  at  Hanover.  Hereafter  the  stream  which 
formerly  occupied  the  old  valley  opening  opposite  Han- 
over will  be  called  the  Old  Hanover  Creek.     Whether  that 
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portion  of  the  Wakatomaka  which  lies  so  nearly  coincident 
with  the  boundary  between  Licking  and  Coshocton  Counties 
formerly  constituted  a  part  of  the  main  axis  of  the  Old  Hanover 
Creek  or  whether  the  tributary  which  parallels  this  portion  of 
the  creek  about  two  miles  further  to  the  East  may  have  prev- 
iously received  its  headwaters  from  further  North,  and  hence 
have  been  the  main  line  of  drainage,  was  left  an  open  question 
for  the  field  work  to  settle. 

Finally,  with  regard  to  the  Rocky  Fork,  it  seemed  quite 
evident  that  from  the  point  where  that  stream  turns  South  its 
upper  waters  must,  in  preglacial  times,  have  flowed  either 
northwest  into  the  Old  Mt.  Vernon  River  or  southwest  into  the 
North  Fork.  They  may  have  even  been  divided,  portions 
going  into  each  basin.  In  how  far  these  hypotheses  accorded 
with  the  facts  is  now  to  be  seen.  As  the  field  work  had  to  be 
done  on  Saturdays  and  during  brief  two-  and  three-day  recesses 
in  regular  school  work  I  found  it  impossible  to  make  a  strictly 
consecutive  study  of  the  whole  area.  Consequently  the  single- 
day  periods  were  utilized  for  working  up  that  portion  of  the 
region  which  was  near  at  hand,  while  more  distant  sections  were 
reserved  for  times  when  trips  of  a  few  days  length  would  make 
visits  to  them  more  profitable. — All  of  which  is  to  explain  why 
no  attempt  will  be  made  to  present  the  facts  in  the  order  in 
which  they  were  gathered  and  studied. 

As  it  was  at  first  deemed  that  the  location  of  the  preglacial 
Walhonding  would  have  an  important  bearing  upon  the  settle- 
ment of  minor  modifications  in  its  locality,  that  part  of  the  sub- 
ject will  be  taken  up  first.  After  preliminary  trips,  one  up  the 
Walhonding  from  Coshocton  to  some  four  miles  above  Warsaw, 
the  other  up  the  Old  Hanover  Creek,  it  was  decided  that  the 
most  economical  as  well  as  the  surest  method  would  be  to  trav- 
erse the  present  water  shed  extending  from  Coshocton  west- 
ward between  Wakatomaka  and  the  Walhonding.  Such  a  trip 
was  taken  in  company  with  Professor  Tight  and  resulted  in 
demonstrating  that  the  water  shed  referred  to  is  a  rock  ridge 
throughout  its  whole  length  and  contains  no  gaps  suflRclent 
either  in  width  or  depth  to  have  ever  carried  even  a  small  part 
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of  the  Walhonding  drainage.  Of  course  there  are  the  usual 
indications  of  piracy  from  one  side  of  the  ridge  to  the  other, 
but  only  very  limited  areas  are  affected  by  any  of  these  cases. 
Many  of  these  piratical  modifications,  however,  are  of  sufficient 
magnitude  and  local  interest  to  repay  well  the  time  that  would 
be  required  to  work  them  out  carefully.  The  discovery  of  the 
high  and  unbroken  character  of  the  ridge  between  these  two 
streams  demolished  what  had  been  considered  the  most  im- 
portant of  our  working  hypotheses.  However  the  fact  had 
been  demonstrated  beyond  a  peradventure,  so  a  new  turn  was 
taken  and  the  possibility  observed  that  perhaps  one  of  the  two 
cols  that  had  been  located  on  Owl  and  Mohican  Creeks  had  not 
been  based  on  sufficient  data.  Professor  Tight  had  located 
these  cols  some  two  years  previously,  and  in  order  that  the 
work  might  be  reviewed  with  as  little  bias  as  possible,  it  was  de- 
cided that  the  writer,  who  had  not  been  on  the  ground  before, 
should  make  a  trip  into  that  region.  Professor  Tight  suggested 
in  a  letter  that  probably  no  eroded  col  would  be  found  on  the 
Mohican.  The  writer's  opinion  was  that  none  would  be  estab- 
lished on  Owl  Creek.  In  the  sequel  it  was  demonstrated  that 
both  suggestions  were  untenable  and  the  original  inferences  the 
only  ones  that  could  be  supported  by  the  evidences  of  the  field. 
Leaving  the  old  Mt.  Vernon  River  at  the  little  village  of  How- 
ard, Owl  Creek  enters  the  mouth  of  a  pre-glacial  valley  which 
gradually  narrows  and  whose  rock  floor  gradually  rises  as  Mill- 
wood is  approached.  In  the  lower  portion  of  this  valley  its 
floor  is  covered  to  an  undetermined  depth  with  bowlder  clay, 
and  at  a  point  a  mile  or  such  a  matter  from  Howard  the  valley 
is  filled  more  than  half  way  across  with  a  heap  of  morainic  ma- 
terial rising  50  feet  or  more  above  the  level  of  the  present  val- 
ley floor.  As  one  approaches  Millwood  the  glacial  drift  thins 
out  so  that  there  is  left  but  a  comparatively  shallow  stratum  of 
soil  on  the  rock  floor  of  the  old  valley,  and  the  creek  itself  has 
cut  a  gorge  into  this  rock  floor.  The  maximum  depth  attained 
by  this  gorge  probably  does  not  exceed  40  feet.  This  maximum 
depth  of  gorge,  accompanying  the  maximum  elevation  of  the 
old  rock  floor,  occurs  perhaps  a  mile  East  of  Millwood.      From 
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this  point  eastward  the  valley  widens  and  deepens  again.  Very 
soon  it  begins  to  fill  again  with  deposited  material,  probably 
the  most  of  it  carried  in  by  the  glacial  stream.  Two  miles 
above  the  junction  with  Mohican  marked  terraces  are  seen.  At 
a  point  rather  less  than  two  miles  above  the  junction  of  the  two 
streams  a  somewhat  startling  narrowing  of  the  valley  was  noted, 
but  a  careful  examination  failed  to  reveal  any  decided  signs  of 
an  eroded  col.  And  under  the  circumstances  of  the  col  further 
up  stream  it  would  require  very  convincing  evidence  before  I 
would  locate  an  old  col  at  this  point. 

As  one  comes  down  into  the  valley  of  the  Walhonding  it 
is  at  once  evident  that  the  lower  part  of  Owl  Creek,  that  part 
below  the  Milwood  col,  and  the  Walhonding,  originally  formed 
a  single  continuous  axis,  to  which  the  drainage  brought  in  by 
what  is  now  the  lower  portion  of  the  Mohican  made  only  a  very 
inconsiderable  addition.  Now  the  last  named  stream  probably 
brings  in  more  water  than  Owl  Creek.  At  the  point  of  junction 
and  for  a  considerable  distance  up  stream  from  that  place  the 
valley  of  the  Mohican  is  deep  and  narrow  with  quite  steep  walls 
and  a  tortuous  course — all  the  indications  of  an  insignificant 
pre-glacial  existence.  In  another  place  we  have  the  observation 
that  this  character  is  entirely  lost  in  the  upper  portions  of  the 
stream  where  it  is  flowing  in  the  valley  of  the  Old  Mt.  Vernon 
River. 

From  its  formation  to  Coshocton,  a  distance  of  some  20 
miles,  the  Walhonding  winds  about  on  the  flood  plain  of 
an  old  pre-glacial  valley.  Rock  cliffs  all  along  this  valley, 
showing  where  long  points  between  tributary  hollows  and 
ravines  have  been  cut  away,  may  be  due  in  part  to  a  recent 
period  of  rapid  erosion  as  by  the  action  of  glacial  waters,  and  in 
part  to  the  ordinary  phenomena  of  stream  action.  Throughout 
the  whole  distance  from  the  junction  of  Owl  and  Mohican 
Creeks  to  Coshocton  there  is  not  the  sign  of  a  gorge  to  indicate 
the  possibility  of  an  eroded  col.  At  no  place  is  the  Walhond- 
ing flowing  on  rock  bottom  where  such  rock  bottom  represents 
the  maximum  depth  of  the  pre  glacial  drainage  for  that  immed- 
iate section  of  the  valley.      And  if  we  restore   the   cols  on  Owl 
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and  Mohican  Greeks,  together  with  another  located  by  Profes- 
sor Tight  near  Millersburg  on  Kilbuck  Creek,  the  hydrographic 
basin  of  the  Walhonding  would  be  completely  rock  bound  ex- 
cept at  the  point  where  it  opens  into  the  valley  of  the  Muskin- 
gum at  Coshocton.  Our  only  possible  conclusion,  therefore,  is 
that  the  pre-glacial  Walhonding  must  have  emptied  its  waters 
into  the  Old  Newark  River  at  the  point  where  it  now  empties 
into  the  Muskingum. 

The  filling  of  the  Walhonding  Valley  has  probably  resulted 
from  both  stream  deposition  and  glacial  advance  up  the  valley. 
Exposures  in  the  upper  part  of  the  valley  where  the  Toledo 
and  Walhonding  Valley  R.  R.  has  cut  through  the  terraces 
show  very  distinct  shingling.  But  down  at  Warsaw,  there  is  a 
dam  some  25  or  30  feet  high  and  a  few  hundred  feet  broad, 
which  almost  completely  fills  the  mouth  of  Beaver  Run.  I  was 
able  to  find  no  very  new  exposures  along  this  dam  at  the  time 
of  my  visit  and  could  discover  no  evidences  either  of  shingling 
or  of  heterogeneous  deposition.  A  plan  of  the  fill  did  not  seem 
to  me  to  present  a  sufficiently  rounded  outline  to  have  been  de^ 
posited  from  an  eddy,  which  from  its  position  out  of  the  main 
current  is  the  only  way  in  which  it  could  have  been  deposited 
by  water.  Its  relatively  straight  contours  on  both  the  up  and 
down  stream  sides  indicate  that  it  may  be  a  lateral  moraine  from 
a  tongue  of  ice  pushed  up  the  valley.  And  its  pebbles  and 
boulders  are  glacier-worn. 

Kilbuck  Creek,  which  empties  about  two  miles  below 
Warsaw,  is  the  Walhonding's  chief  tributary.  As  one  looks  into 
it  on  coming  up  the  latter  stream  it  presents  a  wide  open  valley 
comparable  in  size  with  that  of  the  Walhonding  itself.  The 
lower  portion  of  the  stream  has  not  been  carefully  studied  in 
this  connection  but  reference  has  already  been  made  to  the 
fact  of  Professor  Tight's  having  located  an  eroded  col  near  Mil- 
lersburg. This  old  col  was  but  a  few  miles  North  of  the  Coshocton 
County  line,  hence  the  Old  Kilbuck  and  Walhonding  Creeks 
must  have  drained  approximately  equal  areas.  This  readily 
explains  the  nearly  equal  sizes  of  their  valleys,  while  the  in 
creased  volume  of  water  now  coming  in  from  Owl  and  Mohican 
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Creeks  as  against  the  small  amount  coming  from  above  the  Old 
Millersburg  col  furnishes  a  very  acceptable  reason  for  the  present 
disparity  in  volume  of  water  carried  by  the  two  valleys.  Most 
of  the  topographical  features  mentioned  above  have  been  in- 
dicated on  the  map  (Plate  II.)  showing  the  old  drainage  as 
modified  into  the  new.  It  is  to  be^noted  that  the  heavy  lines 
representing  the  pre-glacial  valley  walls  are  drawn  to  indicate 
the  tops  of  those  walls,  not  their  bases. 

It  has  already  been  mentioned  that  a  preliminary  trip  was 
taken  up  the  old  Hanover  valley.  The  results  of  that  trip  will 
now  be  discussed  somewhat  more  in  detail.  The  floor  of  this 
old  valley,  which  is  a  continuation  of  the  Hanover  morainic 
dam,  is  rolling  and  more  or  less  cut  up  by  small  ravines.  Very 
soon  after  entering  its  mouth  the  drainage  is  found  to  be  flow- 
ing up  the  valley  away  from  the  old  main  stream.  About  two 
and  a  half  miles  from  the  valley's  mouth  there  is  another  mo- 
rainic dam  rising  some  fifty  feet  above  the  bed  of  the  run.  But 
this  obstacle  has  not  been  of  sufficient  elevation  to  turn  the 
water  back  over  the  Hanover  dam.  The  run  has  made  its  cut 
at  the  junction  between  deposited  material  and  the  old  valley 
wall  (west  side),  so  that  one  side  of  the  gorge  is  rock  and  the 
other  morainic  material.  East  of  this  point  the  dam  slopes 
down  somewhat  rapidly  to  the  level  of  the  stream  bed  again,  so 
that  for  a  distance  of  two  miles  further  to  its  junction  with  the 
Wakatomaka,  near  the  county  line,  the  run  is  little  more  than 
a  ditch  winding  through  the  fields  and  having  a  very  sluggish 
current.  Wakatomaka  comes  down  the  drift-filled  valley  as  a 
much  larger  stream,  but  has  the  same  characteristics  of  a  wind- 
ing bed  and  sluggish  current.  Instead  of  flowing  on  down  the 
old  valley  to  the  Licking,  however,  the  Hanover  dam  has  been 
high  enough  to  force  the  waters  over  a  low  col  in  the  north- 
western corner  of  Muskingum  county,  and  thus  allow  them  to 
escape  by  another  route  into  the  Old  Newark  river.  At  Fra- 
zeysburg  they  turn  up  this  old  river  valley  (the  eastward  pro- 
longation of  the  Hanover  dam  again  prevents  them  from  flow- 
ing down  the'  old  course)  and  continue  sluggishly  to  the  Mus- 
kingum at  Dresden.     Reference  has  already  been  made  to  Pro- 
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fessor  Tight's  previous  publication  concerning  this  last  men- 
tioned feature  of  the  Wakatomaka's  lower  course. 

Returning  to  the  point  where  Wakatomaka  creek  crosses 
the  Licking  county  line,  we  will  ascend  the  old  valley  to  the 
mouth  of  its  principal  tributary,  Winding  Paddy's  Fork.  At 
this  place  it  is  evident,  both  from  the  position  and  the  relative 
sizes  of  the  two  valleys,  that  the  tributary  now  occupies  what 
was  originally  the  main  valley,  while  the  principal  stream  comes 
into  this  valley  through  what  was  at  one  time  only  a  tributary 
valley.  Trips  up  Winding  Paddy's  Fork  and  around  its  head- 
waters both  demonstrate  that  it  heads  normally  in  the  high  rock 
divide.  The  regular  fan-like  phenomenon  of  its  head  ravines 
gave  rise  to  some  speculation  at  first,  but  careful  examination 
indicates  that  the  peculiarity  had  been  wrought  by  local  topog- 
raphic features  and  has  had  no  direct  bearing  on  other  parts  of 
the  problem.  From  map  study  we  had  thought  possibly  this 
phenomenon  might  be  due  to  glacial  constriction  of  a  system 
more  widely  distributed  in  former  times.  But  an  examination 
in  the  field  proved  the  fan  to  be  rock-bound,  except  at  the  one 
point  where  its  waters  make  their  exit  into  the  above  named 
Fork. 

Going  back  now  to  the  Wakatomaka  and  ascending  that 
stream,  we  soon  find  it  entering  a  deep,  rocky  gorge.  On  one 
trip,  in  descending  into  the  gorge  from  the  high  divide  on  the 
south,  the  barometer  showed  a  drop  of  nearly  400  feet  in 
advancing  no  more  than  a  quarter  of  a  mile.  The  cutting  is 
so  deep  here  as  to  have  extended  for  two  or  three  miles  along 
the  stream,  hence  it  is  impossible  to  locate  the  exact  position 
of  the  eroded  col.  It  may  have  been  between  any  one  of  a 
half  dozen  or  more  pairs  of  hill  tops.  But  this  inability  to 
locate  it  exactly  does  not  vitiate  the  proof  that  a  col  once 
existed  somewhere  along  the  course  of  this  gorge  ;  for,  besides 
the  evident  newness  of  this  section  of  the  channel,  as  compared 
with  sections  above  and  below,  this  is  the  farthest  up-stream 
section  in  which  the  water  is  found  flowing  on  rock  bottom. 
Above  the  gorge  the  valley  widens  out  until  it  finally  opens,  at 
Bladensburg,  into    an    old    pre-glacial    valley    whose    axis    lies 
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nearly  due  east  and  west.  This  Bladensburg  valley  was  the 
main  axis  of  a  small  stream,  tributary  to  the  old  Mt.  Vernon 
river,  to  which  reference  has  already  been  made.  It  is  evident 
that  the  waters  which  cut  out  this  old  valley  flowed  toward  the 
West  because  to  the  East  it  heads  in  the  rock  divide,  then 
widens  and  deepens  (so  far  as  the  rock  floor  is  concerned) 
toward  the  West.  It  was  in  one  of  the  southern  tributaries  of 
this  valley  that  a  col  was  cut  down  in  opening  up  the  new 
gorge  of  the  Wakatomaka.  The  filling  in  this  Old  Bladensburg 
Valley  is  so  deep  that  the  tops  of  the  hills  immediately  border- 
ing the  pre-glacial  main  valley  have  been  entirely  covered,  and 
the  present  appearance  is  that  of  a  great  valley  whose  sides  are 
the  divides  bordering  the  hydrographic  basin  of  the  old  stream. 
The  appearance  of  greatness  is  so  deceptive  that  when  we  first 
came  upon  the  view  we  were  sure  that  we  had  found  the  long 
soughtfor  outlet  of  the  middle  Walhonding.  But  when  we 
found  it  heading  out  in  the  highest  rock  divide  in  this  part  of 
the  state,  and  saw,  furthermore,  that  the  present  floor  of  the 
valley  is  very  high  as  compared  with  other  valleys  in  the  region, 
we  revised  our  conclusions  and  decided  that  its  present  great 
width  is  due  to  the  tremendous  filling  that  it  has  undergone. 
This  filling  consists  of  the  usual  deposits  found  in  the  glaciated 
portions  of  the  state — irregularly  deposited  boulder  clay  of 
varying  depth  and  composition.  The  floor  of  the  valley  as 
now  filled  up  is  not  level  but  is  rolling  with  here  and  there  con- 
siderable heaps  of  material  as  though  left  by  icebergs  stranded 
on  some  point  of  rock  higher  than  its  neighbors.  At  the  same 
time  the  whole  region  is  so  completely  covered  with  the  debris 
that  it  would  seem  as  though  the  bulk  of  the  deposition  must 
have  resulted  from  the  advance  of  the  ice  sheet  into  the  valley 
and  all  its  tributaries.  It  is  to  be  noted  also  that  this  filling  of 
the  Old  Bladensburg  Valley  extends  up  to  the  very  top  of  the 
divide  separating  this  drainage  from  that  of  the  Walhonding. 
But  this  is  a  feature  that  will  be  referred  to  later  in  another 
connection. 

A   clearer  view  of  the  Wakatomaka  modifications,  as  well 
as  their  relation  to  the  Walhonding  system,  may  be  had  from  a 
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study  of  the  map  (Plate  II.)  already  referred  to  in  connection 
with  the  m  edifications  in  the  latter  stream. 

In  view  of  the  preceding  descriptions  the  changes  sketched 
in  tiie  Rocky  Fork  region  will  be  self-explanatory.  Notice  that 
as  usual  in  all  this  part  of  the  state  the  mouths  of  westward 
flowing  streams  have  been  blocked  up  by  the  glacial  debris  until 
their  waters  were  forced  over  low  cols  into  adjoining  systems, 
with  the  final  result  that  new  streams  were  located  having  their 
axes  at  right  angles  to  those  of  the  old  streams,  but  utilizing 
parts  of  the  old  valleys,  along  with  some  of  their  tributaries. 
It  will  be  seen  that  Rocky  Fork  occupies  parts  of  the  main 
valleys  and  tributaries  of  two  westward  flowing  pre  glacial 
streams  as  well  as  that  of  an  insignificant  tributary  to  the  Old 
Newark  River.  It  now  takes  practically  all  the  drainage  that 
formerly  came  to  the  North  Fork  of  the  Licking  from  the  East 
by  way  of  the  two  streams,  one  of  whose  axes  it  follows  in  a 
reversed  direction,  and  the  other  of  which,  after  following  for  a 
few  miles,  it  crosses.  There  are  two  points  in  the  development  of 
the  Rocky  Fork  to  which  special  attention  might  be  called.  It 
will  be  noticed  that  where  the  present  stream  leaves  the  largest 
of  the  old  valleys  partially  occupied  by  it  two  cols  have  been 
crossed,  one  a  minor  col  between  two  unimportant  tributaries 
of  the  old  stream,  and  the  other  located  in  the  gre<it  divide 
extending  through  this  action  in  a  North  and  S  »ut.i  direction. 
The  most  probable  sequence  of  events  was  the  foicing  o\  the 
water  across  the  first  col  by  the  easternmost  dam  in  the  old 
valley,  followed  by  the  blocking  of  the  valley's  mouth  by  a  >till 
higher  one  that  raised  the  floods  above  the  second  col. 

A  phenomenon  that  proved  quite  deceptive  js  to  be  found 
where  Rocky  Fork  comes  into  this  old  valley  by  way  of  one  of 
its  northern  tributaries.  Some  half  mile  above  the  junction  of  this 
tributary  valley  with  the  old  main  valley,  there  is  a  rock  cut  with 
precipitous  sides  foriy  to  fifty  feet  high.  The  hills  open  (jut 
above  and;belovv  into  what  are  evidently  pre-[;lacial  valleys,  and 
it  would  seem  clear  that  this  marks  the  position  of  an  eroded 
col.  At  one  point  along  the  gorge  considerable  masses  of  the 
rock  have  been   split   apart  (by  the  freezing  of  water  in  the 
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crevices)  and  the  place  has  local  reputation  under  the  name 
"Falling  Rocks.*'  Just  over  the  ridge  to  the  East,  in  the  mid- 
dle one  of  the 'three  parallel  valleys  coming  down  from  the 
northern  part  of  the  county,  there  is  a  similar,  though  Jess 
striking,  gorge.  In  a  tributary  to  this  gorge  is  an  overhanging 
rock  which  has  received  the  title  of  **Raining  Rock."  given 
because  of  the  continual  dripping  of  water  from  nearly  the 
whole  of  its  under  surface.  The  easternmost  of  the  three 
valleys  has  no  such  escarpments  as  these  that  have  been  men- 
tioned, but  its  hill  sides  are  dotted  with  huge  boulders  of  the 
same  sort  of  country  rock,  viz.,  Logan  conglomerate.  It  was 
at  first  assumed  that  these  two  gorges  represent  the  locations  of 
old  cols.  From  map  study  Professor  Tight  questioned  very 
seriously  the  possibility  of  there  ever  having  been  cols  at  these 
places,  but  after  going  over  the  ground  with  me  he  admitted 
that  my  inferences  seemed  tenable.  If  these  were  old  cols  of 
course  the  valleys  above  them  must  have  had  outlets  in  some 
other  direction,  most  probably  to  the  West  or  Northwest. 
Thorough  examination  of  the  whole  basin  revealed  the  fact  that 
it  is  completely  rock  bound,  the  only  gaps  anywhere  near  deep 
enough  to  have  drained  the  old  valleys  being  at  the  two  points 
already  discussed  and  at  whatever  point  the  present  stream 
comes  into  the  basin  of  this  old  system  from  the  Northwest. 
After  a  more  careful  and  thorough  examination  at  Falling 
Rocks  it  was  found  that  if  the  old  valley  were  restored  at  that 
place  so  as  to  leave  no  rock  escarpment  visible,  that  point 
would  still  mark  the  lowest  outlet  to  this  section  of  the  valley. 
And  the  same  was  found  to  be  true  for  the  gorge  on  the  Raining 
Rock  tributary.  The  only  way  left  to  account  for  the  gorge-like 
character  at  the:e  points  is  the  fact  that  the  outcrop  of  the  con- 
glomerate here  is  much  harder  and  more  resistant  than  else- 
where along  these  streams. 

The  same  difficulty  was  experienced  on  Rocky  Fork  as  on 
the  Wakatomaka  in  locating  the  exact  position  of  the  old  col. 
Two  or  three  miles  above  Falling  Rocks  the  valley  becomes 
narrow  and  gorge-like  (without,  however,  any  very  prominent 
escarpments)  and  there  may  have  been  a  col  across  any  one  of 
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several  places.  The  change  in  character  of  the  valley  walls 
above  and  below  this  stretch,  as  well  as  the  deepening  of  the 
rock  floor  of  the  valley  whichever  way  one  goes  from  it.  leave 
no  doubt  that  there  was  at  some  time  a  col  across  it.  The 
position  chosen  in  mapping  this  col  was  selected  after  studying 
the  location  of  the  divide  on  either  side  of  the  stream  as  indi- 
cated by  lateral  drainage. 

As  shown  on  the  map,  the  small  pre-glacial  valley  in  which 
Rocky  Fork  heads  was  originally  tributary  to  the  North  Foik 
of  the  Licking.  It  is  to  be  noted  that  the  glacial  deposit  at  its 
mouth  is  too  low  to  have  been  a  factor  in  the  cutting  down  of 
the  col  whose  removal  has  permitted  reversal  of  the  drainage 
in  this  valley.  The  old  valley  floo^  at  and  above  this  moraine 
is  so  nearly  level  that  a  ditch  no  more  than  ten  feet  deep  lead- 
ing out  toward  the  North  Fork  would  in  time  pirate  a  consider- 
able portion  of  the  Rocky  Fork's  head  waters.  Indeed  up  to 
within  a  very  few  years  this  valley  floor  has  been  swamp  for  a 
distance  of  one  or  two  miles  and  entirely  unfit  for  agricultural 
purposes.  All  the  county  maps  that  I  have  seen  show  it  a 
swamp  or  lake,  and  it  is  not  yet  sufficiently  well  drained  to 
withstand  a  wet  season. 

Before  passing  from  this  part  of  the  subject  it  would  not 
be  out  of  place  to  call  attention  to  the  eroded  col  that  has  been 
located  on  the  North  Fork  near  the  Knox-Licking  county  line. 
The  work  and  credit  of  locating  this  old  col  belongs  with  the 
unpublished  article  of  Professor  Tight  to  which  reference  has  al- 
ready been  made;  but  its  correlation  with  the  modifications 
about  the  head  waters  of  the  Old  North  Fork  makes  necessary 
a  brief  mention  of  it  at  least  in  this  connection.  It  is  the 
easternmost  erosion  in  the  East-and-West  line  of  the  divide  be- 
tween the  Old  Mt.  Vernon  and  Old  Newark  Rivers. 

In  tramping  about  over  this  section  of  the  state  many  evi- 
dences were  found  of  the  high  water  level  that  must  have  exis- 
ted West  and  North  of  the  great  divide  before  and  while  its 
cols  were  being  eroded.  In  several  places  glacial  debris  was 
found  on  the  tops  of  cols  between  minor  systems  lying  entirely 
within  the  glaciated  region.     Such  cols  being  covered  by  the 
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comparatively  quiet  waters  of  the  glacial  lake,  presented  shoals 
for  the  stranding  of  floating  icebergs.  As  one  of  these  would 
be  melted  another  would  be  caught,  and  so  gradually  the  col 
received  its  accumulation  of  boulder  clay.  Another  specially 
noticeable  feature  of  the  region  is  the  sudden  change  from  the 
broad,  shallow  valleys  with  gently  sloping  hill  sides  West  of  the 
main  divide  to  the  deep  ravines  and  abrupt  slopes  that  one  finds 
immediately  upon  crossing  to  the  eastward.  In  travelling  from 
Bladensburg  toward  Coshocton  we  found  first  a  fine  rolling 
country,  excellently  adapted  to  cultivation,  which  extended  up 
to  the  very  brow  of  the  divide.  Then  suddenly  and  without 
the  shadow  of  a  gradation  in  passing  from  the  one  character  to 
the  other  we  found  ourselves  in  the  midst  of  as  rough  and  hilly 
a  region  as  is  to  be  seen  in  the  state.  Of  course  the  valleys 
have  not  the  depth  that  is  to  be  observed  down  nearer  the  Ohio 
River,  but  they  are  just  as  numerous  and  broken,  with  just  as 
little  evidence  of  any  leveling  influence  due  to  glaciation. 

Although  the  glacier  itself,  and  probably  the  great  major- 
ity of  the  icebergs,  did  not  extend  beyond  the  barrier  of  the 
great  divide,  there  is  abundant  evidence  that  the  water  level  of 
the  glacial  lake  was  maintained  beyond  it  for  some  time.  Near 
the  tops  of  the  hills  along  many  of  the  valleys  are  to  be  seen 
well  defined  beach  marks  that  can  be  accounted  for  in  no  other 
way  so  readily  as  by  supposing  that  they  were  formed  by  the 
action  of  the  surf  before  the  great  cols  down  the  Muskingum 
and  Ohio  Rivers  had  been  cut  away  sufficiently  to  lower  the 
level  of  the  glacial  waters.  The  reader  is  not  to  understand 
that  no  glacier  worn  materials  are  to  be  found  East  of  the  di- 
vide. They  exist  there  in  abundance,  but  very  few  of  them  on 
the  tops  of  the  hills,  or  rather  cols,  as  is  the  case  to  the  West. 
Practically  all  such  debris  is  found  in  the  bottoms  of  the  old 
valleys  where  it  has  been  deposited  by  the  water  coming  from 
the  glaciated  region  during  and  after  the  cutting  down  of  the 
old  cols.  After  the  filling  in  this  way  of  the  main  axes  of  the 
new  draincige  systems,  the  tributaries  of  these  systems  would 
fill  in  the  natural  course  of  events  with  the  sediment  from  their 
own  drainage. 
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In  conclusion  the  reader  is  referred  to  the  map.  Plate  III., 
showing  the  * 'restored  drainage"  in  the  region  under  review. 
In  comparing  the  old  with  the  new  drainage  it  is  not  difficult  to 
see  that  the  former  has  a  much  better  right  than  the  latter  to  be 
described  as  the  NORMAL  system.  Instead  of,  as  at  present, 
four  streams  flowing  directiy  across  the  highest  divide  in  this 
part  of  the  state,  the  restoration  shows  no  streams  crossing  this 
divide.  Secondly,  the  restored  drainage  shows  that  in  general 
the  axes  of  tributaries  in  any  of  the  systems  are  parallel,  which 
is  as  it  should  be.  Again,  the  old  drainage  shows  uniformity 
not  only  in  axial  directions,  but  also  in  the  size  and  shape  of  its 
hydrographic  basins.  In  the  present  drainage  these  basins  are 
irregular  in  shape  and  extent,  and  in  some  instances  almost  in- 
extricably intermingled.  This  irregularity  is  particularly  evident 
in  the  relation  of  the  Wakatomaka  basin  to  those  of  Owl  Creek 
and  Rocky  Fork. 

It  will  not  be  out  of  place  to  correlate  the  work  that  has 
been  described  with  that  done  by  Professor  Tight  in  adjacent 
regions,  reference  to  which  has  been  made  several  times  m  the 
course  ot  the  descriptions.  In  this  portion  of  the  state  Profes- 
sor Tight  has  located  the  main  axes  of  two  quite  important  pre- 
glacial  streams,  to  one  of  which  he  has  given  the  name  **01d  Mt. 
Vernon  River"  and  to  the  other.  **01d  Newark  River."  Both 
these  streams  had  general  southwesterly  courses  and,  in  Knox 
and  Licking  Counties,  the  furthest  point  West  at  which  their 
valleys  are  distinctly  visible  in  the  topography,  approached  so 
near  to  each  other  that  in  the  readjustment  of  drainage  due  to 
advance  of  the  glaciers  cols  have  been  cut  down  and  the  bas- 
ins of  the  two  streams  intermingled.  The  work  of  the  writer 
has  been  to  locate  the  divide  between  these  two  old  streams 
and  to  determine  the  changes  incident  to  the  breaking  down  of 
this  old  divide  during  glacial  times.  It  is  but  a  small  part  in 
the  problem  of  restoring  the  pre-glacial  drainage  in  the  Ohio 
River  basin,  but  it  is  presented  to  those  interested  in  the  hope 
that  it  is  a  distinct  contribution  to  that  problem.  In  closing, 
I  wish  to  express  my  appreciation  of  Professor  Tight's  kindly 
interest  in   my  work,  and   of  his  many  suggestions  by  which  I 
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was  enabled  to  economize  both  time  and  labor  in  the  prosecuiion 
of  field  investigations.  Work  that  was  taktn  up  originally 
merely  as  recreation  has  proved  to  be  more  than  recreation  in 
that  it  has  become  intensely  interesting  study  as  well. 

Granville,  Ohio,  May,  1902. 


DESCRIPTION  OF  THE  PLATES. 

\.  A  sketched  map  of  the  present  drainage  in  parts  of  Knox,  I.ickinjjand 
Coshocton  Counties,  Ohio  By  an  oversight  the  location  <«(  Mi.  Vernon  is  not 
indicated.  It  is  situated  near  the  Northwestern  portion  of  the  included  region 
as  may  be  seen  by  reference  to  Plate  II. 

II.  This  shows  the  pre-glacial  valleys  of  the  same  region  togellier  wiih 
their  relation  to  the  present  drainage  as  outlined  in  Plate  I.  'I'he  henvy  lines 
represent  pre-glacial  valley  walls  and  are  drawn  to  represent  the  brow  of  ihe 
hilis,  not  their  bases.  All  these  old  valleys  in  the  western  half  of  the  map  are 
filled  with  glacial  debris  as  well  as  those  in  the  eastern  half  which  received 
water  from  the  glaciated  region.  Doited  portions  represent  places  where  this 
filling  rises  above  the  general  level  of  the  surrounding  flood  plains.  The  wide 
valley  from  Coshocton  to  Newark  is  that  ol  the  Old  Newark  River,  the  one  in 
the  northwestern  portion  of  the  map,  that  of  the  Old  Mt.  Vernon  River. 

III.  In  this  map  the  pre-glacial  drainage  of  the  section  is  shown  restored 
It  needs  no  special  comment  other  than  to  call  attention  to  some  changes  that 
have  been  adopted  in  naming  the  old  streams.  What  is  designated  on  the  map 
as  the  Old  Muskingum  River  should  be  the  Old  Newark  River.  Old  Knox 
River  should  be  Old  Mt.  Vernon  River  and  Old  Wakatomaka  Creek,  Old  Han- 
over Creek. 
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ON  THE  OCCURENCE  OF  APLITE,  PE<iMATlTE,  AND  TOUBXALINB 
BDNCHEH  IN  THE  STONE  MOUNTAIN  GRANITE  OF  GEORGIA. 

With  Plates  IV-V- 
09  THE  OCCURRENCE  OF  URANOPttANE  IN  GEORGIA. 


By  THOMAS  L.  WATSON. 


Granville,  Ohio,  August,  1902. 
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ON  THE  OCCURRENCE  OF  APLITE,  PEGMATITE, 
AND  TOURMALINE  BUNCHES  IN  THE  STONE 
MOUNTAIN  GRANITE  OF  GEORGIA. ' 

By  Thomas  L.  Watson. 

ApUU  and  pegmatite. — Careful  field  study  of  the  larger  and 
principal  granite  areas  in  Georgia,  by  the  writer,  indicates  the 
general  absence  of  true  aplites  therefrom.  They  have  been 
observed  in  association  with  the  gfranite  masses  only  at  one 
locality  in  the  state.  Since  the  border  portions  of  the  granite 
masses  are  usually  covered  with  a  considerable  depth  of  residual 
decay  and  are  seldom  exposed,  it  is  not  possible  to  say  whether 
aplites  as  border  phenomena  exist,  as  described  by  Kemp, '  in 
some  of  the  southern  Rhode  Island  and  Connecticut  granites. 

Several  aplite  dikes  less  than  six  inches  in  width  are  ex- 
posed in  the  quarries  opened  on  the  northwest  side  of  the  huge 
doming  ridge  known  as  Stone  Mountain,  sixteen  miles  east  of 
Atlanta  (Plate  IV).  Pegmatites  are  common  associates  in  the 
Stone  Mountain  granite  and  also  in  the  other  larger  granite 
masses  examined  in  the  state.  They  consist  chiefly  of  coarse 
intercrystallizations  of  potash  (orthoclase  and  microcline)  and 
soda  (albite)  feldspars  with  quartz,  subordinate  amounts  of  both 
biotite  and  muscovite,  and  occasionally  red  garnet  and  tour- 
maline. So  lar  as  my  observation  goes,  the  feldspars  in  the 
pegmatite  greatly  exceed  in  amount  the  quartz.  The  granitic 
pegmatites  are  sometimes  replaced,  however,  by  those  of  prac* 
tically  pure  quartz.  In  the  Stone  Mountain  pegmatites  the 
dark  minerals,  mica,  tourmaline,  and  garnet,  are  frequently  con- 
centrated along  the  central  axis  of  the  dike  or  vein,  rather  than 
distributed  through  the  light-colored  quartz-feldspar  portions. 
Where  observed  the  granitic  pegmatites  are  monotonously  alike, 
and  present  no  unusual  features. 


■  Reprinted  from  the  Journal  of  Geology,  Vol.  X,  No.   a,   February- 
March,  1902.     Pages  186—193. 

'  BulUtin  Qeol,  Sac,  Armr,,  1899,  Vol.  X,  p.  372. 
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The  principal  aplite  in  the  Stone  Mountain  granite  is 
banded  with  pegmatite,  the  aplite  forming  the  border  next  the 
granite  and  the  pegmatite  the  middle  layer  of  the  dike.  The 
junctions  between  the  granite,  aplite  and  pegmatite  are  regular, 
entirely  sharp  and  well  defined.  Apart  from  its  being'  more 
compact  and  of  much  finer-grained  texture,  the  aplite  is  easily 
distinguished  in  the  hand  specimen  from  that  of  the  inclosing 
granite  by  its  lighter  color — marble  white — and  by  its  contain- 
ing but  little  mica.  Biotite  is  entirely  absent  and  muscovite  is 
only  sparingly  distributed  through  the  rock  as  minute  foils. 
Occasional  very  small  crystals  of  red  garnet  are  sometimes 
present. 

In  thin  section  the  aplite  shows  no  essential  difference  in 
mineral  composition  from  the  granite,  except  in  the  entire  ab- 
sence of  biotite  and  decreased  muscovite.  The  rock  is  a 
holocrystalline  mass  composed  chiefly  of  the  potash  (microcline 
and  orthoclase)  and  soda  feldspars,  and  quartz.  Microperthitic 
structure  consisting  of  interlaminated  orthoclase  and  microcline 
with  a  second  feldspar,  albite,  is  common.  Somewhat  irregular, 
stout  laths  of  a  well  striated  acid  oligoclase  are  numerous.  The 
small  percentage  of  CaO,  less  than  i  percent,  and  the  increased 
Naj  O  shown  in  the  analysis,  column  I,  indicates  the  preponder- 
ance of  the  soda  molecule  (albite),  which  is  corroborated  by  the 
microscope.     Sporadic  inclusions  of  apatite  occur. 

Megascopically,  the  inclosing  rock  is  a  compact,  medium- 
grained  biotite-bearing  muscovite-granite  of  light  gray,  nearly 
white,  color.  Biotite  is  only  sparingly  distributed  through  the 
rock,  displaying  considerable  tendency  to  segregate  in  places. 
Thin  sections  of  the  granite  show  quartz,  orthoclase,  and  micro- 
cline frequently  intergrown  with  albite  as  microperthite,  con- 
siderable oligoclase,  muscovite,  occasional  biotite,  and  some 
prismatic  inclusions  of  apatite. 

The  striking  similarity  between  the  inclosing  granite  and 
aplite  is  sufficiently  shown  in  the  chemical  analyses  oi  the  rocks 
given  below. 

The  analyses  show  more  Si02  and  less  K2  O  in  the  aplite 
than  in  the  granite,  with  close  agreement  indicated  in  the  other 
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constituents.     A  striking  feature  of  the  analyses  is  the  low  per- 
centage of  lime  with  practically  no  magnesia,   and  increased 


I.» 

11. 

la. 

Ila. 

SiO, 

74.30 

72.56 

1.2383 

1.2093 

TiO,                         .     . 

none 

^^'^',       •        • 

14.73 

14.81 

.1444 

.1452 

Fc,0,>     .... 

0.78 

FeO     .       .         . 

0.85 

MnO 

trace 

CaO     . 

0.90 

1. 19 

.0161 

•0212 

BaO 

none 

SrO             ... 

none 

MgO       .... 

strong  trace 

0.20 

Na,0 

K/)          .          .           . 

4.61 

4.94 

•0743 

.0796 

4.52 

5.30 

.0481 

.0563 

H,0  (Ignition)      . 

0.21 

0.70 

PA         .      .      . 

trace 

Total         .      .      . 

100.05 

100.55 

I.  Aplite,  Stone  Mountain,  Georgia.     Watson,  analyst* 

II.  Stone  Mountain  granite  inclosing  aplite.     Packard,  analyst, 
la.  Molecular  ratios  of  I. 

Ila.  Molecular  ratios  of  il. 

soda,  which  equals  in  amount  the  potash,  indicating  the  pre- 
dominance of  the  albite  molecule  over  that  of  the  anorthite,  and 
in  case  of  the  aplite  the  nearly  entire  absence  of  magnesia 
harmonizes  with  the  absence  of  a  ferro-magnesian  accessory. 
Calculating  all  the  lime  as  anorthite,  all  the  soda  as  albite,  and 
all  the  potash  as  orthoclase  or  microcline,  the  mineral  composi- 
tion of  the  aplite  and  granite  becomes : 


Aplite. 

Granite. 

Potash  feldspar 

Soda-feldspar          .       .           .     . 

Lime-feldspar 

Quartz 

Excess  of  A1,0,       . 
Excess  of  Fe,0, 
Excess  of  FeO 
Excess  of  MgO 
Excess  of  CaO 
Excess  of  H,0 

26.69 

38.77 

4.45 

28.30 

.61 

.78 

.21 

31.14 

41.95 

2.50 

21.09 

.85 
.20 
.67 
.70 

99.81 

99.10 

^  Analysis  made  in  the  chemical  laboratory  of  Denison  University. 
'  All  iron  determined  as  ferric  oxide. 
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In  the  apUte  there  is  an  access  of  AI2  O3  after  deducting 
the  amount  required  of  the  feldspathic  constituent  of  .0059  mole- 
cules corresponding  by  weight  to  0.6  per  cent.,  which  is  probably 
combined  as  mica.  From  the  above  calculations  the  ratio  of 
soda  feldspar  to  lime  feldspar  is  9:1  in  the  case  of  aplite  and 
17:1  in  the  case  of  the  granite,  corresponding  to  lime-bearing 
albite  of  Abo  Anj  and  AbijAni  respectively,  when  the  albite 
and  anorthite  molecules  are  combined  to  form  soda-lime  plagio- 
clase.  The  potash  feldspar  in  both  the  aplite  and  granite  is 
part  orthoclase  and  part  microcHne.  According  to  the  calcula- 
tions the  relative  abundance  of  the  constituents  in  the  aplite 
may  be  expressed  as  follows:  01igoclase> quartz> orthoclase 
and  microcline>  muscovite.  In  the  case  of  the  granite  the 
potash  feldspars  are  slightly  in  excess  of  the  quartz,  otherwise 
the  order  of  relative  abundance  of  the  constituents  is  the  same 
as  for  the  aplite. 


I. 

II. 

III. 

IV. 

V. 

VI. 

SiO, 

7507 

76.03 

76.00 

74.21 

77.  «4 

74.30 

TiO,     .        .     . 

0.09 

0.07 

0.04 

0.30 

0.29 

none 

1307 

13-39 
0.48 

14.88 

14.47 

12.24 

14.73 

FeA     .     .       . 

0.61 

0.65 

o-lS 

0.29 

0.78 

FcO     .      . 

0.39 

10.31 

0.10 

0.50 

1.04 

MaO      .       .    . 

trace 

trace 

trace 

none 

trace 

none 

CaO    .       .        . 

1.49 

1.28 

0.19 

1. 71 

0.35 

0.90 

SrO 

0.03 

trace 

none 

trace 

none 

BaO     . 

0.14 

10.04 

trace 

none 

none 

MgO       .       .    . 

0.14 

0.05 

0.06 

0.28 

0.06 

■trongtrace 

K,0     .        .       . 

5.62 

5.18 

2.77 

O.IO 

4.47 

4.52 

NaX)      .       .    . 

2.51 

2.98 

3.52 

7.62 

4.64 

4.61 

Li,0     .      . 

trace 

none 

0.20 

trace 

H,0  at  100**  .  . 
H,0  above  100** 

0.14 
0.24 

0.15 
0.34 

{.^} 

0.15 
0.23 

{ -■'} 

{"■} 

PA   .     .     . 

trace 

0.03 

O.ll 

0.07 

trace 

100.44 

100.33 

99.94 

99.99 

100.66 

100.05 

I  and  II.  Potash  aplites.  Described  by  H.  W.  Turner,  JouR.  Geol.^ 
1899,  Vol.  VII,  p.  160;  also  Seventeenth  Ann.  Rept,  U,  S.  Geo/,  Surv,,  p.  521. 
W.  F.  Hillebrand,  analyst. 

Ill  and  IV.  Soda  aplites.  Described  by  H.  W.  Turner,  JoUR.  Geol., 
1899,  Vol.  VII,  p.  152.  Ill,  W.  F.  Hillebrand,  analyst.  IV,  H.  N.  Stokes, 
analyst. 

V.  Aplite.  Described  by  H.  S.  Washington,  Jour.  Geol.,  1899,  Vol. 
VII,  p.  107.     H.  S.  Washington,  analyst. 

VI.  Aplite.     Stone   Mountain,  Georgia.    Thomas  L.  Watson,  analyst. 
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The  percentage  ratio  of  the  alkalies  in  aplites,  potash  and 
soda  forms  a  ready  basis  for  grouping  them  into  potash-aplites, 
soda-aplites,  and  aplites  of  equal  potash  and  soda  percentages. 
The  Stone  Mountain  aplite,  as  shown  in  the  analyses,  forms  a 
striking  illustration  of  the  third  or  last  type  in  which  the  per- 
centage ratio  of  the  potash  to  soda  is  equal.  To  make  more 
emphatic  this  grouping,  and  for  convenience  of  comparison,  I 
have  tabulated  above  analyses  of  some  of  the  recently  described 
well-known  aplites  from  the  eastern  and  western  United  States : 

Tourmaline  areas. — A  noteworthy  feature  of  the  Stone 
Mountain  granite  is  the  somewhat  abundant  occurrence  of  small 
areas  of  aggregated  black  tourmaline  crystals  throughout  the 
entire  mass  of  granite,  so  far  as  revealed  by  quarry  operations. 
Hardly  a  block  of  the  stone  is  quarried  that  does  not  show  a 
few  of  these  areas.  The  occurrence  of  the  mineral  is  not  that 
of  a  characterizing  accessory,  as  has  been  noted  in  some  gran- 
ites, as  at  Predazzo  in  the  Tyrol,  in  which  the  tourmaline  takes 
the  place  of  mica  or  amphibole,  but  is  more  after  the  order  of 
segregations  in  the  biotite-bearing  muscovite  granite.  Neither 
are  the  tourmaline  aggregates  sufficiently  numerous  and  crowded 
together  in  the  gfranite,  nor  of  large  enough  size,  to  add  to  the 
color  of  the  rock.  While  clearly  visible  in  every  case  they  do 
not  in  any  measure  detract  from  the  good  qualities  of  the  stone 
for  building  purposes,  for  the  reasons  already  stated,  and  also 
because  of  the  practical  unalterable  nature  of  tourmaline  under 
normal  atmospheric  conditions. 

The  tourmaline  rarely  occurs  as  isolated  or  single  crystals 
in  the  granite  proper,  but  nearly  always  as  radiating  and  roughly 
parallel  groups,  which  occupy  the  centers  of  perfectly  white 
areas  of  quartz  and  feldspar,  from  which  the  two  micas,  musco- 
vite and  biotite,  have  been  excluded.  The  quartz-feldspar  areas 
vary  in  size  from  a  fraction  to  several  inches  in  diameter,  ac- 
cording to  the  number  of  grouped  single  tourmaline  individuals 
occupying  it ;  and  in  shape  they  vary  from  oblong,  irregularly 
rectangular  to  complete  spherical  or  circular  outlines,  with  all 
gradations  between.  The  tourmaline  individuals  consist  of 
slender  prismatic  forms,  varying  from  a  fraction  to  several  milli- 
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meters  in  cross-section  without  terminal  faces ;  jet-black  in  color; 
and  in  every  case  examined  they  are  considerably  fractured. 
The  number  of  individuals  in  a  group  varies  greatly,  usually 
from  a  half  dozen,  or  thereabouts,  to  several  times  that  number. 
The  width  of  the  border  zone  of  the  feldspar-quartz  areas,  or 
that  portion  of  the  white  mass  extending  from  the  outer  part  of 
the  tourmaline  aggregate  to  the  junction  formed  with  the  gray 
granite,  is  also  variable,  but  is  wider  in  proportion  to  the  size 
of  aggregate  occupying  the  center,  and  is  apparently  propor- 
tional therefore  to  the  intensity  of  the  action  controlling  the 
tourmaline  formation. 

The  quartz-feldspar  areas  are  as  strongly  contrasted  in 
color  with  the  light  gray  granite  as  are  the  black  tourmalines. 
The  junction  between  the  areas  and  the  granite  are  entirely 
sharp  and  distinct,  and  in  no  case  observed  is  there  any  ten- 
dency shown  toward  a  gradation  or  merging  of  color  of  the 
white  mass  into  the  granite. 

A  number  of  thin  sections  of  the  feldspar-quartz  areas  and 
their  included  tourmaline  aggregates  were  examined  microscop- 
ically. The  sections  indicated  a  mosaic  of  interlocking  quartz 
and  feldspar,  similar  in  all  respects  to,  and  consisting  of  the 
same  feldspar  species  as  the  granite.  No  diflTerence  in  texture 
and  size  of  the  component  grains  from  that  of  the  granite  is 
observed.  With  few  exceptions  the  feldspars  were  perfectly 
fresh.  Cataclastic  structure  is  quite  strongly  accentuated  in 
the  feldspar  and  quartz  grains,  the  cracks  are  rather  wide,  and 
are  now  filled  with  a  colorless,  high  double  refracting  mineral. 
Primary  muscovite  is  not  present  in  those  slides  examined,  but 
plentiful  small  foils  of  the  mineral  distributed  over  the  feldspar 
surfaces  are  seen  in  places,  and  from  its  association  must  be 
regarded  as  distinctly  secondary.  In  transmitted  light  the  tour- 
maline is  deep  brown  in  color  and  strongly  dichroic.  It  is 
closely  associated  with  both  the  quartz  and  feldspar,  filling  at 
times  the  interspaces.  It  is  more  intimately  associated  with 
the  feldspar,  however,  and  its  distribution  through  some  of  the 
large  microcline  and  oligoclase  individuals  as  partially  connect- 
ing irregular  and  ragged  granules  closely  resembles  the  poikilitic 
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structure.  In  some  cases  the  tourmaline  is  entirely  confined  to 
the  feldspar  individual,  while  in  others  it  cut.s  well  into  the 
quartz  and  feldspar  grains  in  such  way  as  to  clearly  indicate  its 
subsequent  formation.  In  cross-section  the  mineral  appears  in 
some  cases  to  be  irregularly  rounded  and  granular  rather  than 
bounded  by  sharp  crystalline  boundaries,  but  most  of  it  is  so 
very  irregular  that  it  is  best  described  as  having  an  exceedingly 
ragged  outline.  In  a  few  instances  the  prism  faces  are  indicated 
under  the  microscope.  The  mode  of  occurrence  of  the  tour- 
maline and  its  association  with  the  feldspar  suggests  beyond 
reasonable  doubt  its  derivation  in  part  from  the  feldspar,  by 
fumarolic  action. 

The  tourmaline  cannot  be  regarded  as  a  product  of  contact 
phenomena,  since  it  is  generally  distributed  throughout  the 
entire  mass  of  granite,  so  far  as  quarrying  operations  extend — 
not  more  abundant  at  one  point  than  at  another.  I  have  else- 
where shown  ^  that  the  present  granite  ridge,  Stone  Mountain, 
is  the  unreduced  remnant  or  *'core*'  of  a  once  more  extensive 
mass.  The  evidence  favoring  this  is  ^hat,  on  the  north,  west, 
and  south  sides  of  the  ridge,  a  belt  of  the  same  granite,  re- 
duced to  the  same  general  level  of  the  surrounding  Tertiary 
Piedmont  plain,  skirts  the  ridge  for  a  distance  varying  from  a 
quarter  to  more  than  a  mile  in  width.  In  this  reduced  granite 
zone  numerous  quarries  have  been  worked  yielding  the  same 
beautiful  light  gray  nearly  white  Stone  Mountain  granite.  The 
rock  quarried  in  this  zone  is  strikingly  free  from  the  tourmaline 
aggregates,  less  than  a  half  dozen  in  all  having  been  observed. 
The  areas,  then,  are  confined  to  the  ridge  portion  of  the  granite 
mass,  and  do  not  characterize  the  border  portions  of  the  gran- 
ite nor  of  the  adjoining  schist  and  gneiss  where  exposed. 

Black  tourmaline  as  isolated  single  crystals  and  aggregates 
is  rather  a  common  associate  in  the  Stone  Mountain  pegmatites, 
and  in  several  instances  veinlets  of  twelve  and  more  inches  long 
of  tourmaline-felt  (fine  acicular  tourmaline),  as  much  as  an 
eighth  of  an   inch  in  width,  have  been  noted  in  the  granite  in 


*  A   Report  on    the    Granites  and  Gneisses  of  Georgia^  Geelogical  Survey  of 
Georgia,     In  press. 
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the  northwest  quarries  of  the  ridge.  While  no  distinct  evidence 
bearing  on  the  contemporaneous  origin  of  the  tourmaline 
aggregates  in  the  granite  with  those  of  the  pegmatite  and  the 
tourmaline  veinlets,  it  seems  reasonable  to  assume  such  con- 
temporaneity. 

The  very  nature  of  the  areas  oppose  the  hypothesis  of 
direct  secretion  out  of  the  eruptive  granite  magma.  On  the 
other  hand,  the  characteristic  mode  of  occurrence  and  intimate 
relationship  to  certain  other  mineral  species  present,  as  shown 
both  macroscopically  and  microscopically,  make  it  reasonably 
certain  that  the  tourmaline  areas  have  resulted  from  fumaroles 
highly  charged  with  boric  acid  acting  on  the  feldspars  and  mica. 

Geological  Laboratory,  Denison  University, 
Granville,  Ohio. 
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ON    THE     OCCURRENCE     OF      URANOPHANE      IN 

GEORGIA.* 

By  Thomas  L.  Watson. 

The  object  of  this  paper  is  to  describe  the  occurrence  of 
the  rare  mineral  uranophane  from  a  new  locality.  State  Geol- 
gist  Yeates  first  observed  the  occurrence  of  the  yellow  mineral 
at  Stone  Mountain,  Georgia,  in  the  early  nineties  and  later  had 
Mr.  R.  L.  Packard  examine  the  material  chemically  in  the  lab- 
oratory of  the  Georgia  Survey.  During  1898  and  1899,  while 
engaged  in  a  field  study  of  the  Georgia  granites,  the  writer 
independently  noted  the  occurrence  of  this  mineral  at  the  same 
locality,  as  a  thin,  yellow  incrustation  coating  the  faces  of  many 
of  the  joint  planes  cutting  the  Stone  Mountain  granite  mass. 
Specimens  were  carefully  collected  and  studied  in  the  labora- 
tory of  the  Survey  in  Atlanta. 

So  far  as  the  writer  can  ascertain,  uranophane  is  reported 
from  only  one  locality  in  the  United  States,  namely,  Mitchell 
county,  North  Carolina.^  Here  the  mineral  is  found  incrusting 
and  penetrating  gummite  as  an  alteration  product  at  the  mica 
mines.  Under  the  title  ''On  Some  New  Mineral  Occurrences 
in  Canada,**  G.  Chr.  Hoffman^  of  the  Canadian  Geological 
Survey  has  recently  described  the  occurrence  of  uranophane 
from  Ottawa  county,  Quebec.  According  to  Hoffman,  the 
mineral  in  Quebec  is  associated  with  "gummite,  uraninite, 
black  tourmaline,  white,  light  gray,  pale  olive-green  and  bluish 
green  apatite,  spessartite,  monazite,  and  green  and  purple 
fluorite,  in  a  coarse  pegmatite  vein  composed  of  white  and  light 
to  dark,  smoky-brown  quartz,  microcline  and  muscovite,  which 
traverses  a  gray  garnetiferous  gneiss. "     The  mineral  is  further 


^Reprinted   from   the  American  Journal  of  Science,  fourth  series.  Vol. 
XIll,  pp.  464-466,  1902. 

*  Dana,  E.  S.,  A  System  of  Mineralogy,  1893,  P-  ^9- 
»  Am.  JoiTR.  Sci.^  II,  pp.  i-sa-'Sa*  '90i. 
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described  as  an  alteration  product  of  gummite,  occurring  ''in 
small  bright  lemon-yellow  fibrous  masses,  sometimes  in  imme- 
diate contact  with  the  gummite  found  coating  the  uraninite  of, 
per  se,  embedded  in  the  albite  immediately  surrounding  the 
tourmaline  and  often  invading  the  latter."  In  both  Quebec 
and  North  Carolina  the  mineral  is  an  alteration  product  of  gum- 
mite, and,  in  this  particular,  its  occurrence  is  similar  for  the 
two  localities,  while  in  Georgia  the  occurrence  is  entirely  differ- 
ent, as  will  be  noted  in  the  following  description. 

At  Stone  Mountain,  Georgia,  sixteen  miles  east  of  Atlanta, 
the  mineral  uranophane  is  found  as  a  distinct  incrustation,  coat- 
ing the  faces  of  many  of  the  joint  planes,  which  cut  the  gran- 
ite boss.  It  varies  from  a  sulphur  yellow  to  lemon  yellow  in 
color,  the  former  predominating,  and  forms  an  irregular  coat- 
ing not  exceeding  one-eighth  to  one-sixteenth  of  an  inch  in 
thickness,  usually  less.  It  is  tipped  or  coated  with  the  clear, 
colorless,  and  transparent,  drop-like  forms  of  the  mineral 
hyalite.  The  two  minerals  are  so  intimately  associated  that  it 
is  almost  impossible  to  effect  a  complete  separation  of  them. 

The  Stone  Mountain  granite,  with  which  the  uranophane 
is  associated,  is  a  light  gray,  medium-grained,  biotite-bearing 
muscovite  granite,  composed  of  quartz,  orthoclase,  microcline 
and  soda-lime  (oligoclase)  feldspar,  muscovite  and  biotite,  with 
sporadic  microscopic  accessories.  Fresh  specimens  of  the 
granite  were  analyzed  by  Packard  in  the  Survey  laboratory  with 
the  following  results: 


SiO, 

72.56 

Al,03 

.      14.81 

Feb         . 

0.84 

CaO 

1. 19 

MgO        . 

.     0.20 

Na,0 

494 

K,0 

•       530 

H.,0  (ignition) 

0. 70 

Total  .  •  100.4 

Several  tests  were  made  by  the  writer  on  separate  portions 
of  the  granite  for  the  presence  of  uranium,  with  negative  re- 
sults. The  yellow  powder  gave  the  usual  tests  before  the  blow- 
pipe for  uranophane.      Packard  carefully  separated,  by  means  of 
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a  lens,  a  small  amount  of  the  yellow  mineral  from  particles  of 
the  granite  and  other  possible  impurities  for  chemical  analysis. 
O-  '310  gram  of  the  powder  was  used,  which  gave : 


SiO, 

18.55 

U  (U  OJ,        . 

47.18 

4.95 

AI,  0, 

6.33 

CaO 

6.64 

MgO         ... 

.     1.98 

\\.}d  (ignition) 

i3-i8 

Total  ....        98.91 

As  Packard  remarks,  the  above  result  clearly  indicates  that 
the  material  was  not  entirely  free  from  impurities.  A  second 
weighed  portion  was  accordingly  selected  amounting  to  0.5120 
gram  of  the  dull  lemon-  or  sulphur- yellow  mineral  and  treated 
with  HNO3 ,  which  after  digestion  left  a  residue  weighing 
0.2460  gram,  yielding  0.2660  gram  for  analysis.  This  gave: 
U  (U  04)2  61. 28,  corresponding  to  60. 14  per  cent  of  UO2 ;  CaO 
6.01. 

Accepting  then  the  percentages  of  SiOj  and  Hj  O  in  the 
first  analysis,  and  those  of  UO3  and  CaO  in  the  last,  as  repre- 
senting the  composition  of  the  mineral;  and  disregarding  the  per- 
centages of  Fe^  Og ,  AI2  O3  ,  MgO  and  Pg  O5  ,  and  recalculating 
the  four  essential  oxides  to  a  basis  of  100,  the  ratios  become: 

III 


I.  11. 


CaO  .          .         .               6.01  6.14  .109  =  I 

UCy'  .         .         60.14  61.37  .213  =  1.95 

SiO*  .             .             18.55  «8.93  .315  =  2.88 

H'O  13.28  13.56  .753  =  6.90 

97.98  100 

I.    Analysis  of  uranophane  from  Stone  Mountain,  Geor- 
gia, from  which  the  small  percentages  of  AI2  O3 , 
Fe.2  O., ,  MgO  and  P2  O5  are  omitted. 
II.     Analysis  I  recalculated  to  a  basis  of  100. 
III.     Molecular  ratios  of  II. 

The  molecular  proportions  given  under  column  III  cor- 
respond to  the  formula  Ca0.2U03  .3Si02  +  7H2  O,  which  indi- 
cates one  part  more  of  Si02  and  Hg  O  than  is  required  by  the 
formula  for  uranophane,  Ca0.2U03  .2Si02  +6H2  O.     The  dis- 
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crepancy  in  these  two  constituents  is  easily  accounted  for, 
however.  The  SiO^  is  increased  by  the  presence  of  finely 
divided  mineral  particles  from  the  granite  and  hyalite,  it  being 
quite  impossible  to  effect  a  complete  separation  of  the  urano- 
phane  from  these  two.  The  amount  of  available  material  was 
so  small  that  it  was  impossible  to  separately  determine  the  com- 
bined and  uncombined  water,  and  under  the  total  water  given 
in  the  analysis,  it  is  reasonable,  at  least,  to  assume  that  a  small 
fraction  of  it  is  hygroscopic  (uncombined)  water.  What  now 
appears  then  as  a  slight  variation  from  the  exact  formula  for 
uranophane,  disappears  when  the  above  facts  are  considered. 

A  comparison  of  the  above  analysis  of  the  Georgia  min- 
eral with  several  by  Genth  and  von  Foullon  of  the  uranophane 
from  Mitchell  County,  North  Carolina,  and  one  from  Kupfer- 
berg,  Silesia,  quoted  by  Dana,^  shows  very  close  agreement. 
The  reported  occurrence  of  uranophane  in  granite  at  Kupfer- 
berg  in  Silesia  appears  in  this  particular  to  be  similar  to  that  in 
Georgia. 

Geological  Laboratory  of  Denison  University, 
Granville,  Ohio. 

»Op.  cit. 
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A  DEFORMED  CHICK. 


By  Lyndon  M.   Hill. 


John  M.  Sontag  has  said  that  chicks  hatched  under  a  hen 
are  never  deformed.  Last  fall  I  received  a  chick,  which  had 
been  hatched  out  of  barred  Plymouth  rock  eggs,  by  a  barred 
Plymouth  hen. 

This  chick  was  deformed  and  the  deformity  was  pronounced 
enough  to  attract  attention.  At  birth  the  chick  was  as  vigor- 
ous as  any  in  the  brood;  but  the  deformity  was  a  handicap  to 
the  chick  and  in  a  few  days  the  struggle  with  the  other  normal 
chicks  ended  in  death  by  starvation. 

To  the  casual  observer  one  of  the  chick's  legs  was  much 
shorter  than  the  other;  to  the  naturalist  the  leg  was  not  only 
shorter  than  usual,  but  it  contained  only  three  toes  and  two  of 
those  were  webbed  from  the  proximal  end  to  the  nails.  It  was 
this  peculiar  modification  which  led  me  to  think  the  chick  was 
worth  a  careful  study. 

In  the  following  tables  an  attempt  is  made  to  contrast  the 
normal  and  abnormal  legs;  not  only  as  to  external  morphology 
but  also  as  to  their  skeletons. 
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The  structural  differences  between  these  legs  are  contrasted 
in  figs.  I.  2.  3,  4,  5  and  6.  The  abnormal  leg  has  only  three  toes 
and  no  trace  of  a  fourth.     The  normal  leg  has  four  toes. 

The  table  given  above  renders  a  detailed  description  un- 
necessary. I  must  mention  however  that  in  the  abnormal  leg 
the  first  and  second  bones  of  the  third  toe  have  fused,  and  that 
the  femur  of  the  abnormal  leg  contains  a  conspicous  spine  for 
the  insertions  of  muscles  and  that  the  nails  of  the  abnormal  leg 
are  relatively  larger  than  those  of  the  other  leg. 

The  resemblance  of  this  deformed  leg  to  the  n9rmal  leg  of 
the  auk  is  both  astonishing  and  instructive.  The  following 
table  diplays  that  comparision. 


THE  DIVING  BIRDS.— THE  AUKS. 

Characteristics. 
I.      Rnckward    position    of     their 
legs. 

2-     The  toes  are  either  webbed  or 
lobed. 

3.  The  absence  of  one  toe. 

4.  The  tibia  relatively  short. 

5.  The  toes  have  claw-like  nails. 


DEFORMED    CHICK. 

Characteristics. 

1.  Backward  position  of  the  de- 
formed leg. 

2.  The  toes  of  the  deformed  leg 
are  webbed. 

3.  The  absence  of  one  toe. 

4.  The  tibia  relatively  short,  com- 
pared with  the  tibia  of  the  normal 
leg. 

5.  Have  claw-like  nails. 


In  drawing  inferences  concerning  deformities  one  must  not 
jump  to  hasty  conclusions.  That  this  deformed  leg  resembles 
the  normal  legs  of  the  diving  birds  there  can  be  no  doubt  and 
to  the  writer  this  seems  to  be  an  unilateral  reversion.  Even 
though  this  conclusion  should  not  stand  the  test  of  time,  it  is 
thought  that  the  above  description  of  the  facts  in  the  case  will 
be  of  value  to  students  of  variations. 

BIOLOGICAL  LABORATORY  OF  CLARK  UNIVERSITY, 
SO.  ATLANTA,  GA. 
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EXPLANATION  OF  PLATE. 

Fig,  /.     Deformed  Chick — Lateral  View. 
Fig.  2.     Deformed  Chick — Dorsal  View. 
Fig.  J.     Deformed  Leg.- 
Fig.  4.     Normal  Leg. 

In  3  and  4  the  dotted  lines  indicate  the  position  of  the  leg  bones. 
Fig.  5.     Skeleton  of  the  Deformed  Leg. 

I  a^Femur,  2  a= Tibia,  3  a=Cannon  Bone. 

I  to  3^phalanges.  N=Nai]. 
Fig.  6.     Skeleton  of  the  Normal  Leg. 

Bones  are  numbered  as  in  fig.  5. 
Figs,  jyo^d  were  drawn  with  a  camera. 
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A  NOTE  ON   THE  SIGNIFICANCE  OF  THE  SIZE  OF 
NERVE  FIBERS  IN  FISHES.^ 

By  C.  JuDSON  Herrick. 

The  observations  upon  the  relation  between  diameter  and 
distribution  of  nerve  fibers  in  the  frog,  reported  upon  by  Miss 
Dunn  (*02),  call  to  mind  certain  facts  which  came  under  my 
notice  in  the  p^-osecution  of  my  researches  on  the  nerve  com- 
ponents of  fishes  and  which  may  serve  to  supplement  as  well  as 
to  verify  her  observations. 

The  eye-muscle  nerves  of  Menidia  I  have  found  (see  Sec- 
tion 9  oi  the  work  cited  in  the  appended  bibliography)  to  con- 
tain both  typical  coarse  motor  fibers  and  also  very  fine  fibers 
which  leave  the  brain  bound  up  in  the  same  root  with  the 
others,  but  terminate  peripherally  on  a  diflferent  set  of  muscle 
fibers.  All  of  the  extrinsic  eye-muscles  have,  in  addition  to 
the  usual  large  muscle  fibers,  a  large  number  of  very  small 
ones.  These  latter  are,  ior  the  most  part,  segregated  into  a 
separate  slip,  which  may  have  a  slightly  different  origin  from 
the  main  muscular  mass.  The  finer  nerve  fibers  can  be  sepa- 
rately followed  from  the  superficial  origin  of  the  nerve  to  their 
insertion  in  the  muscle  and  the  separation  of  the  finer  muscle 
fibers  from  the  coarse  ones  makes  it  easy  to  determine  the 
exact  distribution  of  the  two  kinds  of  nerve  fibers.  To  quote 
from  the  work  just  cited  (p.  389),  **In  the  case  of  each  of  the 
six  eye-muscles  of  which  we  have  just  been  treating,  the  side 
along  which  the  finer  fibers  of  its  nerve  run  contains  much 
smaller  muscle  fibers  than  those  which  make  up  the  body  of  the 
muscle,  the  diameter  of  these  small  muscle  fibers  often  being 
no   greater   than   that   of  a   large   nerve   fiber.     The   smaller 
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muscle  fibers  are  not  merely  the  ends  of  larger  ones  which  have 
become  attenuated  near  their  insertion,  but  they  run  for  nearly 
the  whole  length  of  the  muscle,  maintaining  the  same  diameter 
and  the  same  relation  to  the  larger  ones.  They  do  not  appear 
to  differ  from  the  ordinary  fibers  except  in  size,  in  their  con- 
stant relation  to  the  finer  nerve  fibers  and  particularly  in  the 
fact  that  they  are  in  places  more  closely  enveloped  by  a  dense 
and  very  rich  plexus  of  these  finer  nerve  fibers  and  by  a  nucle- 
ated connective  tissue  interstitial  substance." 

The  point  in  this  description  to  which  I  here  direct  atten- 
tion is  the  fact  that  the  large  and  small  nerve  fibers  leave  the 
brain  together  and  are  apparently  approximately  equal  in 
length.  In  fact,  the  smaller  fibers  in  general  may  be  a  trifle 
longer,  for  they  usually  end  farther  out  on  the  muscle  towards 
its  insertion  than  do  the  larger  ones.  The  size  of  the  nerve 
fibers  is  evidently  correlated  with  the  size  of  the  muscle  fibers 
to  be  innervated.  I  have  verified  this  observation  on  several 
other  bony  fishes;  viz.,  the  cod,  the  gold  fish  and  the  cat  fish, 
whose  eye-muscles  show  the  same  peculiarity  oi  innervation. 

In  Section  5  of  the  same  memoir  is  described  a  similar 
condition  in  connection  with  certain  muscles  (presumably  all  of 
the  visceral  type)  about  the  beginning  of  the  oesophagus  of 
Menidia.  On  page  264  the  description  of  the  innervation  of 
the  m.  pharyngeus  transversus  is  as  follows:  "This  is  a  large 
stout  muscle  extending  between  the  two  inferior  pharyngeal 
bones.  It  is  incompletely  divided  into  two  parts,  a  large  ven- 
tral part  which  is  supplied  by  a  small  number  of  very  coarse 
and  heavily  myelinated  fibers,  like  those  for  the  other  branchial 
muscles  which  can  be  traced  back  into  the  common  motor  com- 
ponent [of  the  vagus  nerve],  and  a  smaller  dorsal  part  which  is 
dorsally  confluent  with  the  general  constrictor  muscles  of  the 
oesophagus  and  like  them  is  supplied  by  many  very  fine  fibers 
whose  origin  could  not  be  traced.  The  muscular  fibers  of  the 
ventral  part  are  very  large  and  thick,  those  of  the  dorsal  part 
smaller,  but  not  so  small  as  those  of  the  proper  constrictor  of 
the  oesophagus.'*  Here  again  we  have  a  case  where  nerve 
fibers  of  the  same  length  and  type  (both  viscero-motor)  differ 
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conspicuously  in  diameter  and  this  is  correlated  with  a  similar 
difference  in  the  size  of  the  muscle  fibers  innervated. 

I  have  observed  many  similar  cases,  especially  among  the 
branchial  muscles  of  fishes,  whose  fibers  vary  greatly  in  size, 
depending  apparently  upon  the  functional  importance  of  the 
muscle  in  question.  It  is  a  general  rule,  though  by  no  means 
an  invariable  one,  that  in  the  fishes  large  muscle  fibers  are  sup- 
plied by  large  nerve  fibers  and  conversely  small  muscle  fibers 
by  small  nerve  fibers,  irrespective  of  the  relative  length  of  the 
nerve  fibers. 

Now,  to  return  to  Miss  Dunn's  paper,  she  finds  that 
Schwalbe's  inference,  that,  other  things  being  equal,  the  long- 
est nerve  fibers  have  the  largest  diameter,  does  not  hold  true  in 
the  case  of  the  sciatic  nerve  of  the  frog.  On  the  other  hand, 
the  largest  nerve  fibers,  it  appears  from  her  observations,  are 
given  off  with  the  branches  for  the  thigh,  while  the  shank  and 
foot  are  innervated  by  the  smaller  fibers. 

Now,  if  we  confine  our  attention  for  the  moment  to  the 
motor  fibers  of  the  sciatic  nerve,  those  for  the  muscles  of  the 
thigh  should  be  larger  in  diameter  than  those  for  the  shank, 
provided  our  rule  stated  above  holds  true,  since  the  muscles  of 
the  thigh  are  much  larger  and  more  important,  functionally, 
than  those  of  the  shank. 

But  this  peculiarity  is  not  confined  to  motor  fibers.  In 
the  study  of  the  innervation  of  the  cutaneous  sense  organs  of 
fishes  I  have  met  with  many  analogous  instances.  Thus,  the 
organs  of  the  lateral  line  system  of  fishes  are  usually  inner- 
vated by  very  large  nerve  fibers,  the  largest  in  the  body.  But 
in  many  fishes  a  part  of  the  organs  of  this  system  are  greatly 
reduced  in  size,  and  presumably  in  functional  importance.  That 
these  reduced  organs  are  of  small  functional  importance  is 
rendered  still  more  probable  by  the  fact  that  their  essential 
sensory  cells,  the  hair  cells,  exhibit  a  greater  proportional 
reduction  than  the  indifferent  supporting  cells.  Now,  these 
reduced  organs,  irrespective  of  their  position  on  the  body  and 
hence  of  the  length  of  the  nerve  fibers  which  innervate  them. 
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are  as  a  rule  supplied  by  much  smaller  nerve  fibers  than  are  the 
large  and  highly  functional  organs  of  the  same  fish. 

Still  another  case  is  furnished  by  the  terminal  buds 
(gustatory  organs)  of  the  outer  skin  and  barblets  of  some 
fishes.  The  distribution  and  innervation  of  these  organs  I 
have  worked  out  in  some  detail  in  the  case  of  Ameiurus 
melas,  as  already  reported  (Herrick,  *oi).  These  organs 
are  similar  in  structure  to  the  taste  buds  in  the  mouth  and 
like  them  they  are  innervated  by  communis  nerves,  so  that 
the  nerves  of  the  two  sets  of  sense  organs  can  be  directly  com- 
pared. It  is  characteristic  of  communis  nerves  generally  that 
their  diameter  is  less  than  that  of  other  types  of  cerebro  spinal 
nerves  and  the  medullary  sheaths  are  thin.  The  communis 
nerves  which  supply  the  taste  buds  of  the  mouth  cavity  are  not 
exceptions  to  this  rule,  but  those  which  supply  the  very  large 
gustatory  organs  of  the  outer  skin  of  the  siluroids  are  consid- 
erably larger  and  are  provided  with  much  more  dense  medullary 
sheaths  than  is  usual  for  fibers  belonging  to  this  system.  The 
more  highly  developed  terminal  organs  and  greater  functional 
importance  doubtless  have  called  forth  a  change  in  the  character 
of  the  nerve  fibers.  That  these  cutaneous  sense  organs  of  the 
siluroid  fishes  are  in  fact  highly  functional  as  a  gustatory  appa- 
ratus I  can  definitely  affirm  on  the  basis  of  experiments  now 
nearly  ready  for  publication. 

Miss  Dunn  concludes  that  in  the  case  which  she  has  exam- 
ined there  is  no  direct  correlation  between  the  diameter  of  the 
nerve  fibers  and  the  length  of  the  fibers.  I  would  make  this 
conclusion  general  and  add  to  it  that  there  is,  in  some  cases  at 
least,  a  correlation  between  the  diameter  of  the  fiber  and  the 
functional  importance  of  the  fiber,  or  the  physiological  impor- 
tance of  its  terminal  organ  as  compared  with  other  organs  of 
the  same  system.  The  qualification  stated,  **of  the  same 
system,"  is  important.  In  1899  I  formulated  (p.  173  of  the 
Menidia  paper)  the  following  definition  of  the  functional  system 
of  nerves:  **Each  system  may  be  defined  as  the  sum  of  all 
fibers  in  the  body  which  possess  certain  physiological  and 
morphological  characters  in  common,  so  that  they  may  react  in 
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a  common  mode.  Morphologically,  each  system  is  defined  by 
the  terminal  relations  of  its  fibers — by  the  organs  to  which 
they  are  related  peripherally  and  by  the  centers  in  which  the 
fibers  arise  or  terminate. "  It  so  happens  that  throughout  the 
vertebrate  series  the  peripheral  fibers  of  each  system  have 
certain  tolerably  uniform  characteristics  of  caliber,  meduUation, 
etc.,  by  which  they  may  be  distinguished  from  those  of  other 
systems.  This  fact  lies  at  the  basis  of  much  of  the  recent 
work  on  nerve  components,  in  the  course  of  which  the  several 
systems  of  components  have  been  followed  through  serial  sec- 
tions from  their  primary  centers  within  the  brain  to  their 
peripheral  termini.  These  fiber  characteristics  are,  however, 
by  no  means  inflexibly  fixed,  but,  as  we  have  seen  above,  are 
sometimes  subject  to  wide  and  very  confusing  variations,  partly 
explicable  as  functional  adaptations,  partly  as  yet  unexplained. 

These  variations  oppose  very  grave  obstacles  to  the  deter- 
mination of  the  morphological  rank  of  any  organs  on  the  basis 
merely  of  the  size  of  the  nerve  fibers  innervating  them.  For 
instance,  the  division  of  the  body  musculature  into  somatic  and 
visceral  systems  needs  a  much  more  secure  foundation  than  that 
aflforded  by  studies  on  the  caliber  of  the  nerve  fibers  supplying 
the  several  muscles  such  as  have  been  made  by  Gaskell,  Shore, 
Edgeworth  and  others.  This  character  is  doubtless  an  impor- 
tant aid,  but  it  requires  rigid  embryological  control.  This  is 
clearly  appreciated  by  some  of  these  authors,  who  have  followed 
their  measurements  of  nerve  fibers  by  an  embryological  study 
of  the  muscles  innervated. 

By  way  of  summary,  then,  we  conclude  that  each  func- 
tional system  of  peripheral  nerves  has  tolerably  definite  fiber 
characteristics,  the  basis  for  which  is  as  yet  unknown  ;  that 
these  characteristics  are  by  no  means  invariable,  but  that  the 
fibers  of  a  given  system  may  show  considerable  diflferences  in 
caliber  and  meduUation  in  a  single  animal ;  and  that  some  of 
these  diflferences,  at  least,  may  be  correlated  with  the  degree  of 
functional  development  of  the  peripheral  end-organ.  In  general, 
highly  developed  muscle  fibers,  sense  organs,  etc.  receive  larger 
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nerve   fibers  than   similar  organs  in  a  state  of  structural  and 
functional  degradation. 
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INTRODUCTION. 

The  practical  problems  connected  with  the  fisheries  have 
been  attacked  (and  in  a  large  measure  successfully  solved)  by  a 
rough-and-ready  application  of  the  method  of  trial  and  error, 
and  the  scientific  investigator  has  merely  to  follow  after  and  ex- 
plain why  a  given  form  of  trap  or  method  of  lure  is  successful 
with  one  species  of  fish  and  not  with  another.  But  there  re- 
main many  unsolved  problems  of  great  economic  importance 
and  it  is  the  function  of  scientific  research  to  contribute  to  the 
solution  of  these  problems  in  a  more  orderly  and  economical 
manner,  even  though  it  often  happens  that  the  investigator  best 
qualified  to  solve  the  scientific  problem  has  not  the  practical 
knowledge  of  fishery  matters  necessary  to  apply  his  own  results 
to  economic  problems,  and  so  his  facts  have  to  be  worked  over 
from  the  other  point  of  view  before  they  become  practically 
useful. 


Reprinted  from  the  Bulletin  of  the  U.  S.  Fish  Commission  for  1903. 
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We  are,  in  fact,  profoundly  ignorant  of  the  senses  and  in- 
stincts of  the  fishes,  even  those  connected  with  their  feeding 
habits  which  are  of  so  direct  importance  to  all  commercial  fish- 
eries. Nearly  all  which  one  finds  in^  the  scientific  literature 
bearing  on  the  senses  of  fishes  is  merely  inference  of  function 
based  on  a  study  of  the  structure  of  the  organs — a  most  pre- 
carious pathway  for  scientific  research.  My  own  studies  on  the 
nerve  components  of  fishes  have  led  me  to  certain  inferences 
regarding  the  function  and  distribution  of  the  organs  of  taste  in 
fishes,  and  the  present  study  is  an  attempt  to  follow  out  these 
inferences  by  the  determination  of  more  exact  facts  regarding 
the  pathways  of  gustatory  stimuli  as  anatomically  demonstra- 
ble, together  with  sufficient  direct  physiological  experiment  to 
furnish  definite  information  of  the  function  served  by  this  sys- 
tem of  sense  organs  and  of  their  nervous  paths  in  the  fishes. 

Neurologists  have  always  paid  a  great  deal  of  attention  to 
the  conduction  paths  within  the  central  nervous  system,  and  in 
recent  years  special  efforts  have  been  made  to  isolate  the  various 
functional  systems  of  neurones,  tracing  the  exact  path  of  the 
sensory  impulses  from  the  peripheral  organ  to  the  primary  sen- 
sory center,  thence  to  the  various  secondary  centers  and  return 
reflex  paths.  This  motive  underlies  the  recent  studies  on  the 
nerve  components,  and  indeed  much  of  the  best  morphological 
work  on  the  nervous  system  in  all  times.  Some  years  ago  I 
formulated  the  following  definition  of  such  a  functional  system 
of  neurones,  with  special  reference  to  the  peripheral  members 
of  the  system:  **The  sum  of  all  the  nerve  fibers  in  the  body 
which  possess  certain  physiological  and  morphological  charac- 
ters in  common  so  that  they  may  react  in  a  common  mode. 
Morphologically  each  system  is  defined  by  the  terminal  rela- 
tions of  its  fibers — by  the  organs  to  which  they  are  related  per- 
ipherally and  by  the  centers  in  which  the  fibers  arise  or  termi- 
nate. The  fibers  of  a  single  system  may  appear  in  a  large  num- 
ber of  nerves  repeated  more  or  less  uniformly  in  a  metameric 
way  (as  in  the  general  cutaneous  system  of  the  spinal  nerves), 
or  they  may  all  be  concentrated  into  a  single  nerve  (as  in  the 
optic  nerve)/'     Now  if  we  add  to  this  the  secondary  paths  re- 
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lated  to  the  primary  central  end-stations,  referred  to  above,  and 
the  chief  reflex  arcs  directly  associated  therewith,  we  shall  have 
a  picture  of  the  system  in  its  entirety. 

The  functional  system  with  which  we  are  especially  con- 
cerned in  the  present  research  is  that  known  to  comparative 
anatomy  as  the  communis  system,  including  (i)  unspecialized 
visceral  sensory  fibers  ending  free  in  the  mucous  surfaces  of 
various  viscera  without  special  sense  organs — probably  phylo- 
genetically  the  more  primitive  elements — and  (2)  specialized 
sensory  fibers  always  ending  in  connection  with  highly  differen- 
tiated sense  organs  in  the  mouth,  pharynx,  lips  or  outer  skin, 
known  as  taste  buds,  terminal  buds  or  end  buds,  and  in  general 
serving  the  function  of  taste.  These  specialized  elements  are 
probably  of  more  recent  phylogenetic  origin  than  the  first  group 
and  the  term  gustatory  system  will  be  used  to  designate  these 
organs,  wherever  placed  on  the  body  surface,  together  with 
their  nervous  pathways  toward  and  within  the  brain.  In  other 
words,  the  gustatory  system  is  that  portion  of  the  communis 
system  of  neurones  which  serves  the  sense  of  taste,  as  distin- 
guished from  those  communis  neurones  which  serve  less  highly 
specialized  visceral  sensations. 

These  two  groups  of  fibers  can  easily  be  distinguished  peri- 
pherally of  the  brain,  but  centrally  they  have  not  as  yet  been 
successfully  analyzed.  Hence  in  treating  of  the  central  gusta- 
tory path  we  cannot  be  sure  that  we  do  not  include  the  un- 
specialized visceral  system  also.  But  since  in  some  fishes  the 
gu.statory  fibers  preponderate  many  fold  over  the  unspecialized 
fibers  of  the  communis  system,  there  is  no  ambiguity  arising 
from  this  central  confusion  of  the  two  elements  so  far  as  the 
gustatory  system  is  concerned,  since  the  secondary  paths  as 
clearly  traceable  in  these  fishes  must  be  made  up  chiefly  of  gus- 
tatory fibers. 

The  central  gustatory  path  is  not  definitely  known  either 
in  man  or  in  any  other  vertebrate,  so  far  as  shown  by  the  avail- 
able literature;  I  have  therefore  studied  with  some  care  the 
brains  of  some  fishes  in  which  this  system  is  enormously  devel- 
oped in  the  hope  that  they  would  throw  light  on  this  unsolved 
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problem  of  vertebrate  anatomy.  And  in  this  I  have  not  been 
disappointed,  though  my  study  of  the  central  paths  is  not  yet 
sufficiently  advanced  for  publication. 

As  intimated  above,  sense  organs  belonging  to  the  com- 
munis system  and  presumably  serving  the  function  of  taste  are 
found  in  the  mouth  of  all  fishes  ("taste  buds").  They  are  fre- 
quently found  upon  the  lips,  and  in  some  cases  they  are  found 
likewise  plentifully  distributed  over  extensive  areas  of  the  outer 
skin  of  the  head  and  trunk.  In  this  latter  case  they  are  com- 
monly termed  terminal  buds  or  end-buds  {Endknospen,  Becheror- 
gane^  of  the  Germans).  They  must  in  all  cases  be  sharply  dis- 
tinguished from  the  neuromasts,  or  organs  of  the  lateral  line 
system  (German,  Nervenhugel),  though  these  latter  occur  in  the 
skin  of  fishes  in  a  great  variety  of  forms,  often  resembling  the 
terminal  buds  very  closely.  The  innervation  and  functions  of 
the  two  systems  of  organs  are,  however,  wholly  different,  and 
they  really  have  nothing  to  do  with  each  other.  I  shall  illus- 
trate more  fully  in  a  later  section  of  this  paper  the  structure  of 
the  terminal  buds  and  the  details  of  th'eir  innervation;  I  here  call 
attention  merely  to  the  important  fact  that  both  in  structure  and 
in  nerve  supply  they  resemble  most  closely  the  taste  buds  of  the 
mouth.  From  this  one  naturally  infers  for  them  a  gustatory 
function.  Since,  however,  inferences  are  not  in  order  when 
facts  are  available,  I  have  undertaken  to  determine  experimen- 
tally the  function  of  these  cutaneous  sense  organs  of  the  com- 
munis system. 

The  experiments  which  I  have  made  are  of  an  exceedingly 
simple  nature,  the  attempt  being  to  put  the  fish  while  under  ob- 
servation in  as  nearly  normal  conditions  as  possible  and  to  util- 
ize the  ordinary  feeding  and  other  instinctive  reactions  so  far  as 
possible  in  the  accumulation  of  the  data.  These  are  the  meth- 
ods of  the  old-time  observational  natural  history,  it  is  true,  as 
contrasted  with  the  methods  of  precision  of  the  modern  physio- 
logical laboratory.  They  have,  however,  proven  sufficient  for 
their  purpose,  which  was  merely  to  determine  the  class  of  stimuli 
to  which  the  terminal  buds  are  sensitive,  or  the  sensational 
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modality  which  they  serve,  rather  than  to  contribute  to  Ae 
chemical  physiology  of  taste  in  general. 

The  chief  obstacle  to  experiments  of  this  sort,  and  one 
which  many  observers  seem  to  have  made  no  serious  efforts  to 
overcome,  is  the  natural  timidity  or  shyness  of  wild  creatunet 
when  kept  in  the  confined  and  unnatural  quarters  necessary  for 
close  observation.  The  role  played  by  fear  in  animal  behavior 
has  been  vividly  brought  to  our  notice  by  Whitman  ('99),  and, 
like  this  observer,  I  find  that  young  animals  which  have  beeA 
reared  in  captivity  are  much  more  approachable  and  tractalSe 
under  experimental  conditions  than  adults  which  have  been 
reared  in  their  natural  freedom.  In  fact,  with  several  species  I 
quite  failed  to  get  the  adults  to  take  food  at  all  in  captivity, 
though  they  were  under  observation  for  long  periods. 

SECTION    I.       REVIEW   OF    LITERATURE. 

Surprisingly  little  attention  has  been  paid  to  the  physiology 
of  taste  in  fishes  and  this  literature  is  very  scanty.  On  the 
other  hand,  the  anatomical  investigation  of  these  sense  organs 
has  been  extensively  followed  for  nearly  a  century,  though  often 
in  a  blind  and  profitless  way.  The  history  of  opinion  upon  the 
significance  of  these  sense  organs  has  been  quite  fully  given  "by 
Merkel  ('80)  in  his  great  monograph  published  in  1880,  and  the 
earlier  phases  of  this  history  need  not  be  again  reviewed  further 
than  to  mention  a  few  salient  features. 

In  1827  Weber  observed  the  taste  buds  on  the  peculiar 
palatal  organ  of  the  carp  and  correctly  interpreted  their  function. 
He  also  figured  the  brain  of  the  carp,  illustrating  the  enormous 
vagal  lobes  from  which  these  taste  buds  receive  their  innerva- 
tion. Leydig  discovered  in  185 1  the  terminal  buds  of  the  outer 
skin  of  fishes  and  gave  a  detailed  account  of  their  structure 
which  subsequent  research  has  shown  to  be  in  some  respects  in- 
accurate. In  1863  F.  E.  Schulze  gave  a  more  accurate  db- 
scription  of  the  "becherformigen  Organe"  of  fishes,  in  which  lie 
distinguished  the  specific  sensory  cells  from  the  suppoitixgf 
cells.     He  also  correctly  inferred  their  function  to  be  similar  to 
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that  of  taste  buds  within  the  mouth,  viz.,  the  perception  of 
chemical  stimuli. 

In  1870  the  same  author  (F.  E.  Schulze,  '70)  made  a 
liirther  important  contribution  to  the  problem  of  the  terminal 
buds  by  the  demonstration  that  they  differ  structurally  from  all 
aeuromasts,  or  organs  of  the  lateral  line  system.  The  neuro- 
masts  are  commonly  sunken  below  the  skin  in  canals,  tubes  or 
pits,  but  in  some  cases  they  are  strictly  superficial  and  resem- 
ble in  external  form  the  terminal  buds  very  closely,  a  feature 
which  led  Leydig  ('51,  '79,  '94)  and  others  to  assume  that  the  two 
classes  of  organs  are  mere  varieties  of  a  common  type.  Schulze 
showed  that  the  neuromasts  can  in  all  cases  be  differentiated 
from  the  terminal  buds  by  the  fact  that  their  specific  sensory 
cells  (pear  cells)  extend  only  part  way  through  the  sensory  epi- 
thelium and  fail  to  reach  the  internal  limiting  membrane,  while 
in  the  terminal  buds  both  specific  sensory  cells  and  supporting 
cells  pass  through  from  external  to  internal  limiting  membrane. 

This  distinction  was  confirmed  by  Merkel  (*8o)  who,  with 
•  curious  inconsistency,  while  recognizing  the  structural  dissimi- 
larity of  the  two  classes  of  organs,  nevertheless,  as  we  shall  see 
below,  ascribes  to  both  essentially  the  same  function,  touch. 
This  matter  was  put  to  the  decisive  test  in  my  contribution  on 
Ameiurus  ('d).  a  type  which  possesses  both  terminal  buds  and 
neuromasts  in  great  abundance  and  diversity  of  forms.  Schulze*s 
contention  is  supported  both  by  the  structure  of  the  organs  and 
by  their  innervation ;  for  I  have  shown  that  all  neuromasts,  of 
i^hatever  form,  are  innervated  by  acustico-lateralis  nerves  from 
the  tuberculum  acusticum  of  the  brain,  while  all  terminal  buds, 
whether  within  the  mouth  or  in  the  outer  skin,  are  innervated 
by  communis  nerves  related  centrally  to  a  single  center  within 
the  brain.  This  center  is  bi-lobed,  the  lobus  vagi  receiving 
most  of  the  communis  fibers  from  the  mouth  cavity  by  way  of 
the  vagus  and  glossopharyngeus  and  the  lobus  facialis  the  com- 
munis fibers  from  the  terminal  buds  of  the  outer  skin  by  way  of 
the  facial  nerve  (cf;  Fig.  i). 
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Similar  terminal  buds  have  been  found  in  the  outer  skin  oF- 
many  species  of  Teleostomes  and  in  Cyclostomes,  but,  so  far  as 
certainly  known,  nowhere  else  among  vertebrates  (save  on  the 
lips  of  some  other  classes).    'Their  distribution  among  the  fishes 


Fig,  /.  Dorsal  view  of  the  brain  of  the  adult  yellow  cat  fish  (Leptops 
olivaris  Raf.).  The  olfactory  bulbs  with  most  of  their  crura  have  been  re« 
moved;  also  the  membranous  roof  of  the  fourth  ventricle,  exposing  the  facial 
and  vagal  lobes.  This  ventricle  is  bounded  behind  by  a  transverse  ridge  con- 
taining the  commissura  infima  Halleri  and  the  commissural  nucleus  of  CajaU 
The  posterior  pair  of  tuberosities,  next  to  the  commissure,  are  the  vagal  lobe«5 
the  anterior  pair,  next  to  the  cerebellum,  are  the  facial  lobes.  X  2. 

is  very  irregular,  being  most  abundant  among  the  siluroids, 
cyprinoids,  ganoids  and  cyclostomes,  in  general  bottom  fishes  of 
sluggish  habit,  often  living  in  mud  and  rarely  belonging  to  the 
predacious  types  which  find  their  food  chiefly  by  the  sense  of 
sight.  The  following  list  of  fishes  which  have  been  shown  to 
possess  terminal  buds  on  the  outer  skin  is  by  no  means  conv* 
plete,  but  will  serve  to  illustrate  the  wide  range  of  species  which 
have  acquired  this  peculiarity: 

FISHES  POSSESSING  TERMINAL  BUDS   ON  THE  OUTER  SKIN. 

Acerina.     On  fins  and  body  (Merkel,  '80). 

Acipenser  sturio,   sturgeon.     On  barbel  (Merkel,   '80).      Also 

other  sturgeons. 
Agonus  cataphtactus^  pogge.     On  the  villiform  tentacles  beneatbr* 

the  head  (Bateson,  '90). 
Ameiurus  ntelas,  cat  fish,  and  other  North  American  Siluridae/ 

On  barblets  and  nearly  the  whole  body  surface  (Herrick/oi). 
Amia  calva,  bowfin.    On  skin  of  head  and  other  parts  ( Allis,  '97), , 
Anguilla  vulgaris,    eel.     On  the  fins,  lips  and  anterior  nostril^ 

(Merkel,  '80;  Bateson,  '90). 
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Aisfms  aUmrmis.     (Merkel,  '80.). 

Barbus  fiuviaHUs.     On  barblet  (F.  E.  Schulze,  '63). 

BroKckiostoma  laneeoUUum^Amphioxus  lanceolaius^  lancelet  On 
the  oral  cirri  (Merkel,  '80). 

Carassms  aurafus,  gold  fish.  On  whole  body  (numerous  au- 
thors;. Herrick). 

Cephalacantfius^CobiHs  /ossilis,  flying  gurnard.     (Merkel,  '80). 

Cotttts  scot^us.     On  fins  (Merkel,  '80). 

Q^nosciofu^Corvina.     (Merkel,  '80). 

Cyprinus  carpio,  carp,  and  other  cyprinoids.  On  whole  body 
(Merkel,  *8o,  and  others). 

DacfylopUrus.     (Merkel,  '80). 

Discofftaihus  laffUa,  Indian  carp.  Over  the  whole  body  surface 
(Leydig,  '94). 

Enchilyopus=Motella,  four-bearded  rocklings.  On  barblets  and 
pelvic  fins  (Bateson,  '90). 

Gadus  callarias,  cod.  On  lips,  barbel,  fins  and  body  (Merkel, 
•So;  Herrick,  '00). 

Gadus  iuscus,  pouting.  On  the  lips,  barblet  and  pelvic  fins 
(Bateson,  '9a). 

Gadus  merlangus.  whiting.     On  the  lips  (Bateson,  '90). 

Gadus  pollachius.  Pollack.     On  the  lips  (Bateson,  '90). 

Gaidropsafus=MoUlla,  three-bearded  rockling.  On  all  the  barb- 
lets  and  pelvic  fins  (Zincone,  '78;  Bateson,  '90). 

Gobius,  goby.     On  fins  (Merkel,  '80). 

Hippocampus,  sea  horse.     (Merkel,  '80). 

Leptocephalus  conger,  conger  eel.  On  the  outer  and  inner  lips 
(Bateson,  '90). 

Leucaspius  delineatus.     On  the  body  generally  (Leydig,  '94) 

Leuciscus  dobula.     (Leydig,  '57). 

Loia  vulgaris.     On  barblet  (Merkel,  '80). 

Mullus  barbatus,  mullet.  On  barblet  (Zincone,  '78;  (Merkel,  '80). 

Petromyson  fluviattlis,  lamprey.  On  skin  of  whole  body  (Mer- 
kel, '80,  and  others). 

Pygosteus^Gasterosteus  pungitius,  stickleback.      Merkel,  '80). 

Rhodeus  amarus.     On  the  body  generally  (Leydig,  '94). 

Scorpaena.     (Merkel,  '80). 
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Silurus  glanis.     (Merkel,  '80). 

Solea  vulgatis^  sole.     'Contrary  to  the  natural  presumption, 
the  villi  on  the  lower  (left)  side  of  the  head  do  not  bear 
sense  organs,   though,   as  Mr.  Cunningham  informs  me, 
such  organs  are  found  between  the  villi"  (Bateson,  '90). 
Tineta  vulgaris.     On  barblet  (Merkel,  '80). 

As  already  suggested,  our  knowledge  of  the  functions  of 
all  of  the  sense  organs  of  fishes  is  very  imperfect,  since  specula- 
tion based  upon  structure  has  seemed  more  attractive  to  most 
authors  than  accurate  physiological  research.  The  monograph 
of  Merkel  ('80)  with  its  great  wealth  of  accurate  anatomical 
data  on  the  structure  and  distribution  of  terminal  buds  in  all 
classes  of  vertebrates,  gives  an  excellent  illustration  of  the  dan- 
gers in  the  path  of  even  so  skillful  an  observer  when  he  goes 
beyond  the  bounds  of  observed  fact  and  enters  the  field  of 
speculation.  This  author  recognizes  the  close  structural  resem- 
blance between  these  organs  and  the  undoubted  organs  of  taste 
in  the  human  body.  He  controverts,  however,  the  clear  argu- 
ment of  F.  E.  Schulze  for  their  gustatory  function  on  merely 
theoretical  grounds.  His  first  objection  is  based  on  their  inner- 
vation. Instead  of  being  supplied  by  a  single  gustatory  nerve, 
the  glossopharyngeus,  they  may  be  supplied,  he  says,  by  any 
other  body  nerve.  This  objection  has  been  totally  removed  by 
the  discovery  (compare  especially  my  own  Ameiurus  paper, 
already  referred  to,  published  in  October,  1901)  that  all  terminal 
buds,  no  matter  where  located  on  the  body  and  no  matter  from 
what  nerve  branches  their  innervation  seems  to  come,  are  in 
reality  supplied  by  nerves  of  a  single  physiological  system,  ter- 
minating in  the  brain  in  a  single  center — ^the  communis  nerves. 
Again,  he  objects  to  Schulze's  theory  that  the  terminal 
buds  serve  to  localize  gustatory  stimuli  on  the  various  parts  of 
the  body,  on  the  ground  that  an  organ  of  chemical  sense  stim- 
ulated by  substances  in  solution  in  the  environing  fluid  could 
not  receive  a  sufliciently  circumscribed  stimulation.  It  is  un- 
necessary to  follow  the  argument  in  detail,  for  the  experiments 
which  I  shall  describe  shortly  show  conclusively  that  when  the 
sapid  substance  is  brought  into  contact  with  these  organs  or  very 
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near  to  them,  the  stimulus  is  accurately  and  very  promptly 
localized,  and  in  fact  some  of  the  flshes  studied  habitually  find 
their  food  by  this  very  power,  the  gustatory  stimulus  calling 
forth  an  immediate  reflex  movement  toward  the  point  stimula- 
ted. It  is  probable  that  the  local  sign  is  not  given  by  the  gus- 
tatory (communis)  nerves,  but  by  the  accompanying  tactile 
(general  cutaneous)  nerves  of  the  corresponding  cutaneous  area 
(which  general  cutaneous  nerves  Merkel  curiously  enough  de- 
nies to  the  fishes  altogether,  whereas  in  fact  they  are  plentifully 
supplied  to  all  parts  of  the  skin),  though  my  experiments  do 
not  decisively  answer  this  question.  Weak  stimuli,  especially 
when  uniformly  diffused  through  the  water  are,  it  is  true,  not 
at  all  localized;  but  strong  stimuli  are  unquestionably  localized 
by  one  method  or  another. 

In  fact,  Merkel  agrees  with  Jobert  that  the  terminal  buds 
of  the  outer  skin  are  tactile  in  function.  This  is  based  largely 
on  the  erroneous  belief,  referred  to  above,  that  there  are  no 
free  tactile  nerve  endings  in  the  skin  of  fishes,  and  also  on  the 
observed  tactile  sensibility  of  the  barblets  and  other  parts  of 
the  body  known  to  be  most  plentifully  supplied  with  terminal 
buds.  But  I  have  shown  that  all  of  these  parts  of  the  body  re- 
ceive, in  addition  to  communis  nerves  for  the  specialized  sense 
organs,  a  most  liberal  cutaneous  innervation  for  tactile  sensi- 
bility; and  the  experiments  which  follow  go  to  show  practically 
that  these  two  functions  commonly  co-operate  in  setting  off  the 
reflex  of  seizing  food,  though  they  may  be  experimentally 
isolated. 

Merkel  now  proceeds  to  carry  his  argument  to  its  logical 
conclusion  (and  likewise  to  a  reductio  ad  absurdum)  by  denying 
the  gustatory  function  to  all  terminal  buds,  even  those  within 
the  mouth  supplied  by  the  glossopharyngeal  nerve,  of  all  verte- 
brates below  the  Mammalia. 

He  finally  concludes  that  both  the  neuromasts  of  the  lat- 
eral line  system  and  the  terminal  buds  are  tactile  organs,  the 
buds  being  the  more  delicate,  but,  if  these  are  deficient,  then 
the  neuromasts  may  be  elevated  to  a  more  delicate  functional 
value;  both  of  which  conclusions,  in  the  light  of  our  present 
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knowledge,  illustrate  the  dangers  attending  an  attempt  to  de- 
termine function  on  the  basis  solely  of  observed  structure,  with- 
out adequate  physiological  control. 

The  general  works  contain  numerous  references  to  the 
subject,  but  usually  chance  observations  or  speculative  conclus- 
ions. Giinther  says  under  the  caption,  Organ  of  Taste:  ''Some 
fishes,  especially  vegetable  feeders,  or  those  provided  with  broad 
molar-like  teeth,  masticate  their  food;  and  it  may  be  observed 
in  Carps  and  other  Cyprinoid  fish,  that  this  process  of  mastica- 
tion frequently  takes  some  time.  But  the  majority  of  fish  swal- 
low their  food  rapidly,  and  without  mastication,  and  therefore 
we  may  conclude  that  the  sense  of  taste  cannot  be  acute.  The 
tongue  is  often  entirely  absent,  and  even  when  it  exists  in  the  most 
distinct  state,  it  consists  merely  of  ligamentous  or  cellular  sub- 
stance, and  is  never  furnished  with  muscles  capable  of  produc- 
ing the  movements  of  extension  or  retraction  as  in  most  higher 
vertebrates.  A  peculiar  organ  on  the  roof  of  the  palate  of 
Cyprinoids,  is  perhaps  an  organ  adapted  for  perception  of  this 
sense ;  in  these  fishes  the  palate  between  and  below  the  upper 
pharyngeal  bones  is  cushioned  with  a  thick,  soft  contractile 
substance,  richly  suppHed  with  nerves  from  the  Nervi  vagus 
and  glossopharyngeus.*' 

Regarding  the  peculiar  palatal  organ  of  the  cyprinoids,  it 
has  been  known  since  Weber's  account  in  1827  that  this  is 
plentifully  supplied  with  taste  buds  and  Weber  himself  brought 
forward  strong  indirect  evidence  that  its  function  is  gustatory. 
The  following  observations  (and  many  similar  ones  might  be 
cited  from  the  literature  of  sport)  are  taken  from  the  section  on 
"The  Trouts  of  America"  by  William  C.  Harris  in  the  Amer- 
ican Sportsman's  Library.  "The  angler  cannot  resist  the  belief 
that  the  senses  of  smell  and  taste  are  well  developed  in  trout. 
They  eject  the  artificial  fly,  if  the  hook  is  not  fast  in  the  flesh, 
at  the  instant  they  note  its  non-edible  nature,  or  when  they  feel 
the  gritty  impact  of  the  hook.  They  will  not  eat  impure  food, 
and  they  have  the  faculty  of  perceiving  odors,  and  various 
scents  attract  or  repel  them.  This  has  been  verified  from  the 
earliest  days  of  our  art,   when  ancient  rodsmen  used  diverse 
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and  curious  pastes  and  oils,  which  were  seductive  to  fish ;  in 
Walton's  day  and  long  after  this  practice  was  followed  and  the 
records  tell  us  of  its  success.  When  I  was  a  boy  and  the 
Schuylkill  River  was  swarming  with  the  small  white-bellied  cat- 
fish, than  which  no  more  delightful  breakfast  food  ever  came 
out  of  the  water,  the  only  bait  used  to  catch  them  was  made  of 
Limburger  cheese,  mixed  with  a  patch  of  cotton-batting  to  hold 
it  firm  on  the  hook.  No  other  lure  had  the  same  attraction  for 
them  because,  no  doubt,  of  the  decided  odor  of  the  cheese." 

The  problems  connected  with  the  relative  significance  of 
the  several  sense  organs  of  the  fishes  have  been  treated  both 
anatomically  and  experimentally  in  the  excellent  paper  of  Bate- 
son  ('90).  After  anatomical  remarks,  based  largely  on  his  own 
careful  studies,  on  the  eyes,  olfactory  organs  and  gustatory  or- 
gans, he  recounts  a  series  of  admirable  and  well  considered  ex- 
periments made  to  test  the  parts  played  by  these  organs  in  the 
normal  feeding  of  various  kinds  of  fishes. 

These  observations  are  grouped  under  two  chief  heads, 
viz.,  "Senses  of  Fishes  which  Seek  their  Food  by  Scent,"  and 
^'The  Senses  of  Fishes  which  Seek  their  Food  by  Sight." 
Though  the  taste  buds  in  the  mouth  and  outer  skin  are  de- 
scribed and  correctly  interpreted  in  the  anatomical  part  of  the 
paper,  these  organs  are  scarcely  considered  at  all  in  the  physio- 
logical part,  and  this  is  really  the  greatest  weakness  of  the 
paper.  Since  my  own  observations  in  part  follow  so  closely  in 
the  foot-steps  of  Bateson  (though  completed  in  the  main  before 
his  paper  was  accessible  to  me),  and  since  they  are  in  general 
confirmatory  of  his,  it  will  be  of  interest  to  review  portions  of 
his  paper  at  this  time. 

He  gives  the  following  list  of  fishes  which  he  has  observed 
*'to  show  consciousness  of  food  which  was  unseen  by  them;  as, 
as  will  hereafter  be  shown,  there  is  evidence  that  they  habitually 
seek  it  without  the  help  of  their  eyes:" 

Protopterus  annectens^  mud  fish. 

Scyllium  canicula,  rough  dog  fish. 

Scyllium  catulus^  nurse  hound. 

Raja  batis,  skate. 
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Conger  vulga$is^  conger  eel. 

AnguiUa  vulgaris^  eel. 

Motella  hicitrata^  three-bearded  rockling. 

Motella  mustela^  five-bearded  rockling. 

Nemacheilus  batbatula^  loach. 

f  Lepadogastet  gouanU^  sucker. 

Solea  vulgaris^  sole. 

Solea  ndnuta,  little  sole. 

Acipenser  futhenus^  sterlet. 

He  says,  **To  this  list  may  almost  certainly  be  added  the 
remainder  of  the  Raiidae,  together  with  the  angel  fish  (Rhina 
^quaUnd)  and  Torpedo,''  Unfortunately,  however,  Bateson  in 
his  list  does  not  distinguish  between  those  fishes  in  which  smell 
obviously  plays  the  leading  part  and  those  in  which  taste  or 
touch  or  both  are  used  to  compensate  for  the  reduction  of  vis- 
ion, and  it  is  this  defect  which  it  is  hoped  that  the  present  con- 
tribution may  in  part  correct.         ^ 

Most  of  the  forms  in  the  list  above  are  more  or  less  noctur- 
nal animals,  but  they  differ  much  in  this  regard.  The  part  at- 
tributed to  the  sense  of  sight  and  smell  in  Bateson's  studies  is 
so  similar  to  my  own  conclusions  in  many  respects  that  it  seems 
fitting  to  quote  the  greater  part  of  his  description,  especially 
since  the  species  observed  by  us  are  vet  all  cases  different.  He 
says,  *  *None  of  these  fishes  ever  start  in  quest  of  food  when  it 
is  first  put  into  the  tank,  but  wait  for  an  interval,  doubtless 
until  the  scent  has  been  diffused  through  the  water.  Having 
perceived  the  scent  of  food,  they  swim  vaguely  about  and  ap- 
pear to  seek  it  by  examining  the  whole  area  pervaded  by  the 
scent,  having  seemingly  no  sense  of  the  direction  whence  it  pro- 
ceeds. Though  some  of  these  animals  have  undoubtedly  some 
visual  perception  of  objects  moving  in  the  water,  yet  at  no  time 
was  there  the  slightest  indication  of  any  recognition  of  any  food 
substance  by  sight.  The  process  of  search  is  equally  indirect 
and  tentative  by  day  and  by  night,  whether  the  food  is  exposed 
or  hidden  in  an  opaque  vessel,  whether  a  piece  of  actual  food  is 
in  the  water  or  the  juice  only,  squeezed  through  a  cloth,  and, 
lastly,  whether  (as  tested  in  the  case  of  the  conger  and  the 
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rockling)  the  fish  be  blind  or  not  ....  The  percep- 
tions, then,  by  which  these  animals  recognize  the  presence  of 
food  are  clearly  obtained  by  means  of  the  olfactory  organs,  and 
apparently  exclusively  through  them.  I  was  particularly  sur- 
prised to  find  no  indication  of  the  possession  of  such  a  function 
by  the  sense  organs  of  the  barbels  and  lips,  or  by  those  of  the 
lateral  line.  As  has  been  already  described,  the  pelvic  fins  and 
barbels  of  the  rocklings  {Motelld)  and  the  lips,  &c.,  of  most 
fishes  bear  great  numbers  of  sense  organs  closely  comparable 
in  structure  with  the  taste  buds  of  other  vertebrates.  No  one 
who  has  seen  the  mode  of  feeding  of  the  rockling  or  pouting 
{Gadus  luscus)  can  doubt  that  these  organs  are  employed  for 
the  discrimination  of  food  substances;  but  the  fact  already  men- 
tioned, that  the  rockling  in  which  the  olfactory  organs  had  been 
extirpated  did  not  take  any  notice  of  food  that  was  not  put  close 
to  it,  points  to  the  conclusion  that  they  are  of  service  only  in 
actual  contact  with  the  food  itself.'*  Bateson  gives  also  a  con- 
siderable list  of  fishes  which  he  has  observed  to  get  their  food* 
chiefly  by  the  sense  of  sight,  and  he  is  doubtless  correct  in  as- 
serting that  the  majority  of  fishes  belong  to  this  class.  None  of 
these  sight-hunting  fishes  while  living  in  his  tanks  appeared  able 
to  see  their  food  by  night,  or  even  in  twilight.  None  of  the- 
fishes  which  he  enumerates  as  belonging  to  this  class  showed  ^ 
symptoms  of  interest  when  the  juice  of  food  substances  was  put 
into  the  water,  and  other  evidence  is  brought  forward  to  show 
that  the  sense  of  smell  plays  little  or  no  part  in  helping  them  to  - 
discover  their  food. 

I  have  not  studied  any  of'  the  species  mentioned  by  Bate- 
son, but  for  the  forms  studied  by  me  which  have  an  extensive 
supply  of  terminal  buds  on  the  outer  skin  I  fully  confirm  most 
of  the  statements  quoted  above  save  that  in  determining  the 
part  played  by  sight  I  did  not  blind  any  of  my  fishes  and  save 
that  the  statement  that  in  fishes  of  his  first  group  **at  no  time 
was  there  there  the  slightest  indication  of  any  recognition  of  any 
food  substance  by  sight"  is  strictly  true  of  none  of  my  fishes 
except  AmeiuruSf  though  in  some  of  the  other  cases  it  is  ap- 
proximately true. 
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The  only  important  respect  in  which  my  observations  are 
not  in  harmony  with  those  of  Bateson  is  in  connection  with  the 
part  played  by  the  sense  of  taste  in  some  of  these  types  of  fishes. 
I  have  studied  the  gustatory  reactions  of  fishes  closely  allied  to 
the  rockling.  and  havino^  the  same  arrangement  of  terminal  buds 
on  the  barblets  and  pelvic  fins,  and  am  convinced  that  Bateson's 
failure  to  get  clear  gustatory  reactions  from  these  organs  was 
4ue  to  the  insufficiency  of  his  methods  of  experiment,  rather 
than  to  the  absence  of  the  function.  In  general,  it  may  be 
stated  that  the  part  played  by  the  gustatory  reflex  in  the  case 
of  fishes  having  an  extensive  supply  of  terminal  buds  on  the 
outer  skin  is  of  vastly  greater  importance  than  Bateson  appears 
to  have  recognized. 

The  only  other  paper  of  importance  dealing  with  the  sense 
of  taste  in  the  fishes  experimentally  which  has  come  to  my  no- 
tice is  the  great  monograph  on  the  senses  of  taste  and  smell  by 
Nagel  ('94).  He  investigated  the  sense  of  taste  in  the  follow- 
ing fishes: — (i)  Fresh  water  types. 

Anguilla  anguilla  (old  and  quite  young). 

Cypfinus  carpio, 

Barbus  fluviatilis. 

Leuciscus  cephalus, 

Gastefosteus  aculeattis, 

Gobius  fliuviatilis. 

Silurus  giants  (young  specimen). 

Cobiits  fossilis. 

(2)  Marine  types. 

PfisHurus, 

Scyllium  catulus  and  5.  canicula. 

Syfignatkus  acus, 

Uranoscoptis  scabet. 

Lophius  piscatorius. 

Nagel  tested  all  the  fresh  water  fishes  mentioned  in  this 
list  by  bringing  bitter,  sour,  sweet  and  salty  solutions  in  con- 
tact with  the  skin,  without  getting  any  response  to  the  stimulus. 
Thus,  the  carp,  wels  {Silurus)  and  stickleback  did  not  respond 
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to  a  stimulation  of  the  skin  of  the  body  with  quinine,  though 
the  last  named  fish  gave  an  immediate  response  when  the  solu- 
tion touched  the  lips.  He  concludes,  '  'In  the  fresh-water  fishes, 
according  to  my  observations,  the  power  of  taste  is  completely 
lacking  in  the  outer  skin;  or,  more  precisely,  in  no  part  except 
the  head  is  there  gustatory  sensibility.*' 

For  such  of  these  forms  as  possess  no  terminal  buds  on  the 
skin  of  the  body  this  is  doubtless  true;  but  for  the  other  fishes, 
including  doubtless  Silurus  and  Cyprinus,  it  is  certainly  a  mis- 
take. In  gadoid  fishes  I  got  a  clear  reaction  against  quinine 
solution  when  it  was  applied  to  the  free  fin  rays  which  are 
known  to  be  supplied  with  terminal  buds,  but  not  from  other 
parts  of  the  skin. 

Among  the  elasmobranch  fishes,  Nagel  found  ScylUum  cat- 
ultis  and  5.  canicula  to  be  sensitive  to  very  dilute  solutions  of 
vanilla  all  over  the  body  and  fins.  Bitters  were  not  perceived 
thus,  nor  oil  of  rosemary,  but  they  are  very  sensitive  to  creo- 
sote. He  controverts  Schwalbe's  argument  that  the  terminal 
buds  of  the  outer  skin  of  fishes  probably  have  a  gustatory  func- 
tion by  reason  of  the  similarity  of  their  structure  with  that  of 
taste  buds  in  the  mouth,  and  concludes,  **A  real  sense  of  taste, 
such  as  man  and  many  other  animals  have  in  the  mouth,  ap- 
pears to  be  absent  in  the  outer  skin  of  all  fishes  and  Amphibia. " 

It  will  appear  from  the  following  pages  that  this  conclusion 
is  erroneous.  I  will  merely  add  here  that  if  Nagel  had  worked 
with  sapid  solutions  with  which  his  fishes  were  presumably 
already  familiar^  instead  of  with  substances  like  sugar  and 
vanilla,  toward  which  no  clearly  established  reflexes  had  been 
established  in  the  natural  environment  of  the  fishes,  his  con- 
clusions might  have  been  difTerent. 

SECTION  2.       TERMINAL  BUDS  AND  THIR  INNERVATION. 

The  terminal  buds  of  the  fishes  tabulated  above,  and  doubt- 
less many  others  which  might  be  mentioned,  are  of  the  same 
type  and  presumably  provided  with  similar  innervation  by  com- 
munis nerves,  for  cutaneous  branches  of  the  communis  root  of 
the  facial  nerve  are  known  to  reach  the  areas  provided  with  the 
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buds  in  all  cases  which  have  been  adequately  studied.  These 
organs  may  therefore  all  be  defined  morphologically  as  belong- 
ing to  the  communis  system  of  sense  organs,  along  with  the 
taste  buds  of  the  mouth  cavity  and  as  distinct  from  the  lateral 
line  organs  and  all  other  types  of  sense  organs.  In  order  to 
support  this  position  there  remains  merely  the  proof  that  the 
terminal  buds  and  taste  buds  have  a  similar  function.  This  evi- 
dence is  presented  in  the  latter  part  of  this  paper. 

The  terminal  buds  of  fishes  have  been  often  described  and 
figured,  and  I  have  little  to  add  to  the  classical  descriptions  save 
in  the  matter  of  distribution  and  innervation.  Those  in  the 
mouth  are  supplied  by  branches  of  the  X,  IX  and  VII  pairs  of 
cranial  nerves,  the  first  two  nerves  supplying  those  in  the  gill 
regions  and  the  pre-trematic  branch  of  the  glossopharyngeus 
also  running  forward  to  supply  those  on  the  hyoid  arch  (tongue). 
The  communis  root  of  the  facialis  (=portio  intermedia  of  human 
anatomy)  and  its  geniculate  ganglion  supply  the  taste  buds  on 
the  palate  by  the  r.  palatinus  facialis  (=great  superficial  petro- 
sal nerve  of  man),  and  other  buds  on  the  lining  of  the  cheek, 
on  the  jaws  and  on  the  lips  by  other  branches,  some  of  which 
are  secondarily  associated  with  branches  of  the  trigeminus  and 
most  of  which  have  no  homologues  in  mammalian  anatomy, 
though  some  one  or  more  of  them  probably  represent  the  chorda 
tympani. 

In  Ameiurus  I  have  shown  ('01)  that  terminal  buds  occur 
in  the  skin  of  practically  the  whole  body  surface,  must  abund- 
antly on  the  barblets  and  diminishing  in  frequency  toward  the 
tail.  These  buds  (see  Fig.  2)  rest  on  a  low  papilla  of  the  der- 
mis, quite  different  from  that  figured  by  Merkel  ('80,  Plate  V, 
Fig.  i)  for  the  terminal  buds  of  Silutus.  His  figure  shows  a 
much  smaller  organ,  resting  upon  a  greatly  elongated  papilla  in 
an  epidermis  which  is  apparently  thicker  than  in  Ameiurus. 
Merkel  states  ('80,  p.  72)  that  terminal  buds  always  occur  on 
such  a  dermal  papilla.  While  this  is  certainly  the  general  rule, 
we  find  occasionally  instances  where  the  papilla  is  absent,  as  on 
the  filiform  fins  of  the  hake,    where  I  find  the  buds  embedded 
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in  the  epidermis  and  extending  only  part  way  through  it,  with 
a  layer  of  unmodified  epidermal  cells  between  the  bud  and  the 
dermis. 

All  parts  of  the  body  of  Ameiurus  which  are  supplied  with 
terminal  buds  are  reached  by  branches  of  the  facial  nerve  from 


muc 


cl- 


Fig,  2,  Section  through  the  skin  of  the  top  of  the  head  of  Ameiurus 
melas^  showing  a  terminal  bud.  X  560.  {From  the  journal  of  Comparative 
Neurology,  Vol.  XI.  No.  3.  Oct.,  1901,  Plate  XVII,  Fig.  1 1.  At  rf  is  the  der- 
mis, which  is  raised  into  a  low  papilla  under  the  sense  organ  and  whose  center 
is  pierced  by  the  nerve  for  the  organ;  cl,  clavate  cells  of  Leydig;  muc^  mucous 
cells  of  the  epidermis. 

the  geniculate  ganglion.  In  other  words,  the  rami  from  the 
communis  root  of  the  facialis  are  distributed  to  nearly  the  whole 
outer  body  surface  of  this  fish.  On  the  distal  side  of  the  gang- 
lion these  rami  usually  join  themselves  to  other  cutaneous 
branches  which  are  phylogenetically  older,  belonging  to  the 
general  cutaneous  and  lateral  line  systems.     Evitn  the  great  re- 
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current  branch  into  the  trunk,  the  ramus  lateralis  accessortus, 
which  passes  out  of  the  cranium  as  a  practically  pure  communis 
nerve,  anastomoses  with  the  spinal  nerves  at  their  ganglia  and 
its  fibers  are  ultimately  distributed  along  with  the  geneial  cutan- 
eous fibers  from  these  spinal  ganglia.  Fig.  3  illustrates  the 
courses  of  the  chief  cutaneous  branches  of  the  communis  system 
in  Ameiurus  melas,  the  nerves  of  all  other  systems  being  omit- 
ted from  the  sketch. 


Fig,  J.  A  projection  of  the  cutaneous  branches  of  the  communis  root  of 
the  facial  nerve  in  Ameturus  tmlas^  as  seen  from  the  right  side.  The  outline 
of  the  brain  is  indicated  by  the  stippled  area  and  the  positions  of  the  eye  and 
anterior  and  posterior  nostrils  are  indicated.  The  projection  is  reconstructed 
from  serial  sections,  but  is  not  drawn  accurately  to  scale.  More  detailed  recon* 
siructions  of  the  cranial  nerves  and  lateral  line  sense  organs  of  this  fish  are  given 
in  the  Journal  of  Comparative  Neurology^  Vol.  XI,  No.  3,  Plates  XVI,  XIV  and 
XV  (Herrick,  '01). 

Proximally  of  the  geniculate  ganglion  the  communis  root 
of  the  facialis  pursues  an  uncomplicated  course  to  the  primary 
gustatory  center  within  the  medulla  obtengata.  In  most 
fishes  this  root  passes  back  close  to  the  floor  of  the 
fourth  ventricle  as  the  fasciculus  communis  ( =  fasc.  soli- 
tarius  of  mammals)  to  terminate  in  the  vagal  lobe  of  the 
same  side  and  receives  in  its  course  the  communis  root  of 
the  glossopharyngeus  nerve.  But  in  siluroids  and  cyprinoids, 
where  the  very  abundant  terminal  buds  of  the  outer  skin  are  all 
innervated  from  the  communis  root  of  the  facial  nerve,  the  con- . 
sequent  increase  in  the  size  of  this  root  has  resulted  in  a  great 
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enlargement  of  the  cephalic  end  of  the  gustatory  center  (vagal 
lobe)  which  appears  on  the  dorsal  surface  of  the  oblongata  as 
the  facial  lobe.  This  structure  is  paired  in  siluroids  and  was 
formerly  called  the  lobus  trigemini,  an  inadmissible  term,  since 
it  has.  nothing  whatever  to  do  with  the  trigeminus  nerve.  In 
cyprinoids  it  is  unpaired  and  is  referred  to  in  the  older  literature 
as  the  tuberculum  impar. 

The  cyprinoid  fishes  also  have  long  been  known  to  have 
terminal  buds  {Becherorgane)  widely  distributed  over  the  outer 
body  surface;  but  neither  the  innervation  of  these  organs  nor 
the  exact  composition  of  the  cranial  nerves  has  ever  been  worked 
out  in  any  cyprinoid  fish.  A  cursory  examination  of  a  series  of 
sections  prepared  by  the  Weigert  method  through  the  entire 
head  and  body  of  a  small  gold  fish  {Carassius  auraius)  has  con- 
vinced me  that  the  same  conditions  in  general  prevail  in  the 
cyprinoids  as  in  the  siluroids.  That  is,  the  enormous  size  of 
the  vagal  lobes  of  cyprinoids  is  explained  by  the  fact  that  these 
are  the  terminal  centers  for  the  vast  numbers  of  nerve  fibers  en- 
tering the  brain  by  way  of  the  IX  and  X  nerves  from  the  pala- 
tal organ,  this  remarkable  structure  being  crowded  over  its  en- 
tire extent  with  taste  buds  and  probably  serving  to  filter  food 
particles  out  of  the  mud  taken  into  the  mouth. 

On  the  other  hand,  the  tuberculum  impar,  or  facial  lobe, 
receives  the  entire  communis  root  of  the  facial  nerve.  This 
root  receives  fibers  from  practically  all  parts  of  the  outer  surface 
of  the  body,  and  we  may  inter  by  analogy  with  other  fishes  that 
these  fibers  connect  with  the  terminal  buds  in  these  cutaneous 
areas,  though  we  have  as  yet  no  actual  demonstration  of  this 
fact.  The  terminal  buds  of  the  skin  of  the  head  are  supplied 
mainly,  as  in  Ameuifus^  by  way  of  the  infra-orbital  trunk.  The 
terminal  buds  in  the  skin  of  the  body  of  the  gold  fish  are  not, 
however,  supplied  by  a  ramus  lateralis  accessorius,  or  recurrent 
facial  nerve,  as  in  Ameiufus  and  the  gadoid  fishes,  for  this 
nerve,  as  has  long  been  known,  is  absent  in  the  cyprinoids. 

There  is,  however,  in  these  fishes  an  intra-cranial  anasto- 
mosis between  the  V+VII  ganglionic  complex  and  the  IX+X 
complex,  the  composition  of  which  has  thus  far  remained  un- 
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known.  This  proves  to  be  the  recurrent  branch  of  the  facialis, 
carrying  communis  fibers  from  the  geniculate  ganglion  into  iist 
trunk.  The  details  of  the  peripheral  distribution  of  these  fibers 
have  not  been  fully  worked  out,  but  the  main  path  in  the  gold 
fish  is  as  follows: 

The  geniculate  ganglion  of  the  facialis  is  clearly  separable 
from  all  other  ganglionic  masses  of  the  trigeminofacial  complex 
and  is  composed  of  two  portions  each  of  large  si«c  The  tnovt 
dorsal  portion  corresponds  to  the  greater  part  ol  the  ganglion  m 
other  teleosts  and  distributes  its  fibers  chiefly  by  way  of  the 
infra-orbital  trunk.  The  more  ventral  portion  sends  cephalad  m 
very  large  palatine  nerve  and  caudad  a  still  largernerve  which 
represents  morphologically,  though  not  topographically,  the  u 
recurrens  facialis  of  the  siluroids,  etc.,  or  the  facial  root  of  the 
r.  lateralis  accessorius  as  found  in  the  cod. 

This  nerve  passes  back  along  the  lateral  side  of  the  great 
auditory  root,  and  at  the  level  of  the  superficial  origin  of  the  IX 
nerve  it  divides  into  several  strands,  one  of  which  passes  dor- 
sally  of  the  IX  root,  the  others  ventrally.  These  latter,  how- 
ever, pass  upward  so  as  to  lie,  farther  back,  dorsally  of  all  of 
the  vagus  roots  except  that  of  the  lateralis  branch  of  the  vagus. 
All  of  these  communis  fibers  now  join  themselves  to  the  r.  lat- 
eralis vagi  and,  passing  through  the  ganglion  of  the  latter  nerve, 
both  components  enter  the  body  of  the  fish  bound  up  in  a  sin- 
gle nerve  trunk  in  which  the  fine  communis  fibers  are  for  a  time 
completely  surrounded  by  the  coarse  lateralis  fibers.  The  com- 
munis fibers  go  off  in  successive  branches  along  with  lateralis 
fibers.  The  details  of  the  distribution  have  not  been  worked 
out,  though  I  think  it  would  not  be  difficult  to  do  so  with  the 
material  at  hand.  It  is  highly  probable  that  the  communis 
fibers  are  for  the  terminal  buds  sparsely  distributed  over  the 
skin  of  the  body  and  that  the  terminal  buds  of  the  trunk  are  att 
innervated  from  these  communis  fibers  in  the  n  lateralis  vagi, 
just  as  the  buds  in  the  skin  of  the  head  are  innervated  by  other 
communis  fibers  from  the  geniculate  ganglion  of  the  facialis,  ani 
arrangement  substantially  identical  in  morphological  plan  with 
that  of  the  siluroid  fishes. 
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The  conditions  here,  so  far  as  studied,  confirm  essentially 
the  conjectures  to  which  I  was  led  from  a  study  of  the  litera- 
ture (He'rrick,  '99,  p.  400),  and  accord  so  completely  with  the 
morphological  interpretation  there  proposed  that  we  merely  re- 
fer the  reader  to  that  passage  in  the  Menidia  paper. 

SECTION  3.       FUNCTIONS  OF  TERMINAL  BUDS. 

(i)  Experiments  on  Siluroid  Fishes. 

.  The  cat  fish  {Aineiurus  nebulosus)  upon  which  this  series 
of  experiments  was  conducted  (except  a  few  experiments 
specifically  designated)  were  hatched  in  the  open  at  Granville  in 
tl\e  spring  of  1901.  In  October  ol  that  same  year  they  were 
tajcen  to  the  laboratory  and  kept  through  the  following  winter 
in  tanks.  Microscopic  examination  of  the  skin  and  barblets 
fhows  )hat  their  skin  and  cutaneous  sense  organs  at  this  age  are 
picactically  in  the  adult  condition.  During  the  winter  they  were 
fed  on  various  kinds  of  meat  chopped  fine,  sometimes  cooked, 
but  usually  raw. 

In  one  small  aquarium  were  kept  half  a  dozen  cat  fish, 
several  ordinary  ••shiners"  {Notropis  sp.')  and  some  small 
••.^potted  suckers"  {Minytrema  melanops  Raf.).  Casual  ob- 
servations made  during  the  winter  while  feeding  showed  that 
the  shiners  use  the  eyes  chiefly  in  capturing  their  food.  A  bit 
of  meat  dropped  irtto  the  water  will  usually  be  seized  instantly 
and  devoured  before  it  has  time  sink  to  the  bottom  of  the  tank. 
After  it  has  fallen  to  the  bottom  it  is  apt  to  be  long  overlooked 
unless  the  fish  happens  upon  it  in  its  aimless  wanderings  or  un- 
less its  attention  is  called  to  it.  by  the  movements  of  the  other 
fishes  which  may  be  eating  it.  These  fishes,  when  observed, 
are  usually  swimming  about  in  the  mid-depths  of  the  tank,  not 
resting  near  the  bottom.  I  have  observed  the  same  behavior 
in  Menidia^  and  other  large  eyed  species. 


^' ,  'Notropis  has  very  small  tuberculam  iinpar  and  vagal  lobes,  the  latter 
scarcely  larger  than  in  the  cod,  Menidia  and  physoclistous  fishes  generally. 
From  this  one  may  safely  ihfer  that  cutaneous  terminal  buds  are  not  as  highly 
developed  in  this  form  as  in  the  larger  cyprinoids. 
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The  behavior  of  the  suckers  was  totally  diflferent.  These 
fishes  lie  on  the  bottom  most  of  the^time  unless  disturbed^ 
though  if  frightened  they  are  very  active,  swimming  powejrfully 
and  leaping  out  of  the  water.  When  food  is  thrown  in  they 
never  pay  the  slightest  attention,  nor  are  they  attracted  by  tl)C 
sight  of  other  fishes  struggling  for  the  meat  They  are  exceed- 
ingly shy  and  rarely  eat  when  under  observation.  They  lie 
quietly  much  of  the  time  or  swim  slowly  about  dragging  the 
fleshy  lips  of  the  highly  protrusible  mouth  over  the  bottom  of 
the  tank.  If  they  thus  happen  upon  a  bit  of  meat,  this  i$ 
sucked  into  the  mouth,  worked  over  with  tlje  pharyngeal  teeth 
apparently,  and  then  often  ejected  forcibly  from  the  mouth,  to 
be  again  taken  perhaps  and  the  process  repeated — a  behavior 
very  characteristic  of  the  way  they  take  the  bait,  I  am  told  by 
fishermen. 

The  cat  fish,  like  the  suckers,  keep  strictly  to  the  bottom 
of  the  tank.  They  are  often  quiet  in  the  darkest  corners  or 
lying  under  debris,  but  much  of  the  time  are  slowly  dragging 
the  mental  and  post-mental  barblets  along  the  bottom.  The 
nasal  barblets  are  held  projecting  well  upward,  and  the  maxil- 
lary barblets  are  directed  outward  and  backward,  their  tips 
trailing  the  bottom  or  waving  gently  back  and  forth.  They 
appear  never  to  use  their  eyes  directly  for  catching  food  to  the 
slightest  degree  under  the  conditions  of  these  experiments.  No 
attention  is  paid  to  particles  of  food  thrown  into  the  water, 
even  though  they  settle  down  within  a  few  millimeters  of  the 
nose  or  barblet  of  the  fish.  The  only  case  observed  by  me  in 
which  the  eyes  seem  to  serve  in  finding  food  is  when  a  larg^e 
piece  of  meat  is  thrown  in  and  one  fish  begins  to  * 'worry*'  it. 
His  movements  may  attract  others  until  as  many  fish  as  can 
reach  it  are  all  tugging  at  it  at  once.  If,  however,  a  shadow  is 
caused  to  fall  upon  the  water,  as  by  hovering  the  hand  over  the 
aquarium,  the  fishes  are  greatly  disturbed  and  dart  wildly 
about.  They  always  seek  the  darkest  corners  of  the  tank  and 
lie  under  dead  leaves  resting  on  the  bottom  of  the  tank  for  the 
most  part,  showing  that  the  eyes  are  not  by  any  means  tunc* 
tionless  and  the  fishes  are  strongly  negatively  phototactic. 
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If  the  cat  fishes  in  the  course  of  their  aimless  movements 
dong  the  floor  of  the  aquarium  touch  a  bit  of  meat  with  the 
lips  or  barblets^  it  is  instantly  seized  and  swallowed.  Food  in 
the  immediate  neighborhood  of  the  fish  is  not  discovered  at 
Cnce,  but  after  a  time  appears  to  affect  the  fish  in  some  way, 
probably  through  the  sense  of  smell,  as  the  maxillary  barblets 
begin  to  wave  above  more  actively  and  finally  the  fish  becomes 
restless.  He  does  not  find  the  food,  however,  unless  in  the 
course  of  his  movements  it  actually  touches  some  part  of  the 
body. 

During  the  months  of  May  and  June,  1902,  more  system- 
atic experiments  were  undertaken  with  these  fish,  and  since 
these  experiments  are  typical  lor  those  subsequently  performed 
on  other  species  of  fishes  I  shall  recount  them  in  some  detail. 
At  first  a  few  specimens  were  taken  out  in  a  shallow  tray  and 
the  attempt  made  to  feed  them  in  various  ways  under  close  ob- 
servation. They  were,  however,  so  much  frightened  by  the 
exposure  to  bright  day  light  and  by  the  proximity  of  the  ob- 
server, in  spite  of  all  precautions,  that  no  reactions  could  be 
obtained  which  were  at  all  satisfactory.  A  bit  of  fresh  meat 
on  a  long  handled  needle  could  be  thrust  slowly  toward  the  fish 
as  he  lay  quietly  on  the  bottom,  rubbed  over  his  body,  or  on 
the  barblets,  and  even  over  the  lips,  without  evoking  a  move- 
ment of  any  kind  in  response.  TTie  same  observations  was 
made  with  the  spotted  suckers.  The  fishes  in  both  cases  had 
Been  without  (ood  for  several  days  and  were  very  hungry,  but 
were  obviously  too  much  frightened  to  respond  to  the  food 
Stimulus. 

On  another  occasion  the  same  conditions  were  prepared, 
cxjept  that  a  few  dead  leaves  were  littered  over  the  bottom  of 
the  tray.  The  fish  when  placed  in  the  tray  immediately  sought 
the  shelter  of  the  leaves,  and,  after  a  suitable  interval  to  enable 
them  to  become  accustomed  to  the  place,  the  feeding  experi- 
ments were  repeated  Selecting  a  fish  which  was  entirely  con- 
cealed under  a  large  leaf  save  for  a  projecting  barblet,  a  bit  of 
meat  on  a  slender  wire  was  gently  passed  down  into  the  water 
fai  such  a  way  as  to  touch  the  projecting  barblet.     It  was  in- 
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stantly  seized  and  swallowed.     This  was  repeated  many  times 
with  several  of  the  fishes. 

In  subsequent  experiments  the  fish  were  not  removed  from 
their  own  tank,  but  the  water  was  drawn  off  so  that  it  was  only 
about  six  inches  deep.  Here  they  would  lie  under  the  leaves 
and  the  experiment  could  be  continued  with  a  minimum  of  dis- 
turbance to  the  fishes.  The  experiment  of  touching  the  barblet 
with  meat  was  repeated  hundreds  of  times  with  an  almost  inva- 
riable result  that  the  fish  instantly  turned  and  snapped  up  the 
morsel.  If  the  meat  was  merely  held  very  close  to  the  barblet 
It  usually  produced  no  response.  The  reaction  was  obtained 
equally  well,  no  matter  which  barblet  was  touched. 

In  a  later  series  of  experiments  I  found  that  the  fish  would 
almost  always  turn  and  seize  the  meat  if  it  were  touched  at  any 
point  on  the  head  or  body.  If  the  tail  of  the  fish  projected 
out  from  under  a  leaf  and  the  skin  near  the  root  of  the  tail  fin 
were  touched  with  meat,  the  fish  would  turn  and  seize  the 
meat.  This  reaction  was  not  so  uniformly  made  at  first  as  that 
from  the  barblets,  but  after  a  dozen  or  so  of  trials  it  followed 
with  equal  promptness  and  uniformity,  the  fish  apparently  re- 
quiring a  little  practice  to  learn  the  movement  perfectly. 

The  experiments  last  described  were  repeated  the  next 
day  and  by  this  time  it  was  found  that  the  fish  had  become  so 
tame  that  they  would  take  the  meat  if  ofiered  to  them  in  the 
open  without  the  shelter  of  the  dead  leaves,  though  not  so  cer- 
tainly as  when  under  the  cover  of  the  leaves,  often  taking  fright 
from  the  shadow  of  the  observer's  hand  or  from  some  other 
cause. 

In  none  of  these  cases  did  the  fishes  appear  to  see  the  bait, 
or  to  perceive  it  in  any  way  other  than  by  actual  contact  with 
the  skin  at  some  point  If  the  bait  were  held  a  moment  in 
front  of  them  and  then  moved  slowly  away* they  would  not 
follow  it.  If,  however,  it  touched  a  barblet  and  then  moved 
rapidly  away  before  the  fish  had  time  to  seize  it,  then  the  fish 
would  sometimes  follow  it  a  short  distance. 

At  this  point  the  relations  of  vision  and  smell  to  these 
reactions  should   receive   some   further  consideration.     These 
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young  fishes,  like  their  adults,  spend  much  of  their  time  buried 
under  the  debris  of  the  bottom,  with  perhaps  a  barblet  or  a 
portion  of  the  tail  only  projecting.  Under  these  circumstances 
it  is  easy  to  apply  the  stimulus  to  various  parts  of  the  skin  with 
the  assurance  that  the  contact  is  wholly  invisible  to  the  fish. 
Many  such  experiments  .show  decisively  that  the  reaction  takes 
place  in  the  same  way  whether  the  fish  is  able  to  see  the  stim- 
ulus applied  or  not.  The  visual  factor  being  so  conclusively 
ruled  out,  I  have  not  thought  it  necessary  to  blind  the  fish  for 
further  control. 

This  conclusion  of  course  must  be  limited  strictly  to  fish 
of  the  species  and  age  under  investigation.  It  by  no  means 
follows  that  they  may  not  subsequently  learn  to  use  their  eyes 
in  finding  food,  as  well  as  in  escaping  from  their  enemies.  In- 
deed, during  the  later  experiments  of  this  series,  after  the  fishes 
had  been  fed  for  several  weeks  almost  daily  with  meat  on  the 
end  of  a  wire,  I  saw  some  slight  evidence  that  they  took  note 
of  the  bait  by  the  means  of  sight,  but  the  observations  were  in 
no  case  conclusive.  Whether  the  adult  Ameiurus  fwbtdosus 
ever  uses  the  eyes  in  the  capture  of  food,  I  have  no  definite 
information,  though  from  the  habit  of  spending  much  of  the 
time  during  the  day  completely  buried  in  the  mud  and  of  feed- 
ing chiefly  at  night,  it  is  very  improbable  that  they  do  so. 
With  the  channel  cat  fish,  Ictalufus^  the  case  is  certainly 
diflfcrent. 

Mr.  I.  A.  Field  tells  me  that  while  fishing  for  bass  in  the 
Black  River,  Ohio,  he  has  sometimes  caught  large  specimens  of 
Ictalurus  with  live  minnows  as  bait.  The  current  was  swift  and 
tlie  minnows  were  kept  off  the  bottom  of  the  river  and  in  mo- 
tion all  the  time.  At  the  meeting  of  the  American  Association 
for  the  Advancement  of  Science  at  Pittsburg,  July  i,  1902.  in 
the  course  of  al^rief  report  upon  these  experiments,  I  asked 
the  question  whether  any  one  ever  caught  a  cat  fish  on  a  spoon 
hook.  Dr.  L.  L.  Dyche  stated  that  he  has  occasionally  caught 
the  channel  cat  i^Ictaiums)  on  a  spoon  in  a  small  lake,,  but  only 
in  bright  sun  light.  Dr.  Eigenmann  stated  that  Ictalurus  has 
much   better  eyes  than   Ameiurus,     They  are    not  only  larger. 
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but  the  retinal  pattern  is  more  nearly  like  that  of  other  fishes, 
while  that  of  Ameiurus  is  decidedly  degenerate. 

The  part  played  by  the  sense  of  smell  is  much  more  diffi- 
cult to  determine.  As  intimated  above,  I  have  evidence  that 
the  gustatory  organs  of  the  skin  can  function  only  in  contact 
with  the  sapid  substance.  The  most  highly  flavored  food  can 
be  held  within  a  millimeter  or  two  of  the  barblet  or  lips  without 
calling  forth  the  characteristic  instantaneous  reflex.  I  will  nar- 
rate one  experience  which  was  many  times  repeated  in  a  variety 
of  modifications.  Three  fishes  were  lying  quietly  under  a  small 
water-soaked  leaf.  A  bit  of  rather  stale  beefsteak  with  a  strong 
odor  was  held  on  the  tip  of  fine  wire  over  the  edge  of  the  leaf 
under  which  they  were  lying  and  separated  by  a  centimeter  or 
two  from  the  nostrils  of  the  fishes.  The  leaf  was  con.siderably 
corroded  by  decay  and  doubtless  the  odor  could  freely  perme- 
ate it,  though  it  was  nearly  or  quite  opaque.  After  some  ten 
seconds  the  fishes  began  to  move  restlessly  about  in  circles 
under  the  leaf,  which  was  soon  swept  away  by  their  movements. 
As  a  rule  the  fishes  swam  in  narrow  circles  close  to  the  bottom 
and  for  a  long  time  failed  to  find  the  meat,  though  they  seemed 
to  be  aware  of  its  general  position  for  they  never  circled  far 
away.  If  the  meat  were  very  slowly  moved  across  the  aqua- 
rium, the  fish  could  be  drawn  in  this  way  after  it  for  a  consid- 
erable distance,  though  the  meat  was  never  found  unless  in  the 
course  of  their  apparently  aimless  movements  one  of  the  fishes 
came  in  contact  with  it,  when  it  was  instantly  snapped  up. 

This  aimless  circling  movement  may  be  termed  provision- 
ally the  seeking  reaction,  since  it  is  sb  difTerent  from  the  charac- 
teristic movement  made  when  the  stimulus  is  in  contact  with 
the  body — a  sharp  turn  of  the  body  and  instantaneous  seizing 
of  the  bait — which  I  shall  term  the  gustatory  n action.  Unfor- 
tunately, I  have  not  had  opportunity  as  yet  to  carry  out  extir- 
pation experiments  on  Atneiurus  to  determine  decisively  the 
part  played  by  the  olfactory  organ  in  this  reaction  (compare  the 
experiments  on  the  tom  cod  narrated  below). 

The  fishes  upon  which  these  experiments  were  performed 
have    unfortunately  been  lost.     At  the  present   time  I  have  a 
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fresh  lot  of  Ameiunis  fry  under  observation  and  have  already 
verified  many  of  the  conclusions  reached  with  the  first  lot.  But 
this  second  collection  of  fishes  has  not  at  the  time  when  this 
report  is  submitted  been  in  captivity  long  enough  to  become 
sufficiently  accustomed  to  their  new  surroundings  to  feed  freely 
and  fearlessly.  After  some  months  of  further  preliminary  ob- 
servation I  hope  to  carry  on  experiments  which  may  shed  some 
light  on  the  sense  of  smell  in  these  fishes.  But  this  must  be 
reserved  for  a  later  report. 

We  must  content  ourselves  at  the  present  time,  then,  with 
the  inference  that  the  sense  of  smell  plays  at  least  a  small  part 
in  these  reactions,  for  the  animals  became  slightly  restless  in 
the  proximity  of  the  stimulus,  though  they  were  not  in  contact 
with  it ;  this,  however,  appears  never  to  provoke  a  definite  re- 
action of  seizing  the  food,  but  merely  a  vague  reaction  in  search 
of  food.  On  the  other  hand,  physical  contact  with  the  irrita- 
ting substance  causes  a  definite  and  precise  reaction  which  is 
practically  constant.     This  points  either  to  touch  or  to  taste. 

To  test  the  relative  part  played  by  stimulation  of  these 
two  sets  of  sense  organs  the  following  series  of  experiments 
was  performed.  A  half  a  dozen  fish  in  an  aquarium  were  tested 
a  score  of  times  with  fresh  meat  on  the  tip  of  a  wire,  as  in  pre- 
vious cases.  The  reaction  was  obtained  uniformly,  no  matter 
what  part  of  the  body  or  head  was  touched.  Half  an  hour 
after  the  close  of  these  experiments  a  bit  of  cotton  wool  was 
wound  around  the  tip  of  a  wire  and  the  fishes  were  tested  with 
this  exactly  as  they  had  been  with  the  meat.  For  the  first  six 
trials  the  barblets  only  were  touched.  The  fish  in  each  case 
turned  and  seized  the  cotton  as  promptly  as  the  meat  had  been 
taken.  The  cotton  would  be  immediately  dropped.  After  a 
few  more  trials  the  fishes  would  generally  turn  when  touched, 
but  would  check  their  movement  before  the  cotton  was  actually 
taken  into  the  mouth.  Several  specimens  were  now  tested  on 
the  trunk  with  the  cotton.  One  or  two  turned  completely 
around  and  took  the  cotton,  but  generally  there  was  a  slight 
movement  only  toward  the  cotton,  which  was  checked  before 
the  cotton  was  reached.     After  a  few  further   tests,  the  fishes 
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would  usually  pay  no  attention  to'  a  contact  with  the  cotton  on 
the  skin  of  the  body  and  the  reaction  by  the  barblets  became 
uncertain,  until  finally  the  cotton  could  be  freely  rubbed  over 
the  barblets  or  lips  of  some  of  the  individuals  without  produc- 
ing any  response. 

These  experiments  were  many  times  repeated,  sometimes 
using  white  cotton,  sometimes  red  cotton  and  sometimes  fresh 
meat.  The  reaction  was  uniformly  obtained  with  the  meat.  If 
at  the  close  of  a  few  experiments  with  the  meat  a  minute 
pledget  of  cotton  was  substituted  for  the  meat,  there  was  feeble 
or  no  response  from  rubbing  the  body  with  the  cotton,  though 
upon  touching  the  barblets  the  fish  would  usually  turn  and 
often  would  seize  the  cotton  and  drop  it  again  at  once.  After 
several  repetitions,  the  fish  became  wholly  indifferent  to  the 
cotton  no  matter  how  it  was  applied,  or  they  would  if  touched 
upon  a  barblet  turn  toward  it  without  biting  it.  They  were 
now  again  tested  with  bits  of  meat.  This  they  took  as  eagerly 
and  as  precisely  as  before,  showing  that  they  were  still  hungry. 

After  the  interval  of  a  day  or  two  the  fishes  would  still 
appear  to  remember  the  cotton  and  I  rarely  after  the  first  trials 
got  a  prompt  • 'gustatory*'  reflex  with  the  cotton.  If  they  no- 
ticed it  at  all,  they  would  turn  slowly  and  touch  it  with  the  lips 
or  a  barblet  in  a  tentative  or  inquiring  manner,  only  to  turn 
away  again  without  taking  it  into  the  mouth.  This  deliberate 
movement  may  be  designated  for  reasons  to  appear  immedi- 
ately as  the  tactile  reflex,  as  distinguished  from  the  instant  seiz- 
ing of  food,  the  * 'gustatory  reflex." 

These  experiments  seem  to  show  that  in  the  reactions  to 
the  meat  both  from  the  barblet  and  from  the  skin  of  the  body 
the  sense  of  taste  and  touch  both  participate.  This  is  in  accord 
with  the  known  innervation  of  the  skin  and  barblets,  for 
all  parts  of  the  body  surface  receive  general  cutaneous 
^tactile)  nerves  and  all  parts  are  plentifully  provided  with  term- 
inal buds  (taste  buds)  which  are  innervated  by  communis  (gus- 
tatory) nerves.  The  experiments  further  suggest  that  these 
-two  sensory  factors  can  be  experimentally  isolated  by  training. 

The  fishes  having  become  accustomed  by  brief  training  to 
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make  the  simple  reflex  of  seizing  the  food  under  the  stimulus^ 
applied  to  any  part  of  the  barblets  or  skin,  and  doubtless  utiliz- 
ing both  gustatory  and  tactile  sensations,  the  gustatory 
factor  is  eliminated  by  the  substitution  of  cotton  wool 
for  the  meat.  The  tactile  sensation  alone  proves  to  be 
sufficient  to  set  off  the  reflex  after  the  train- 
ing previously  given.  The  stimulus  is,  however,  never 
followed  by  satisfaction  and  is  soon  given  up.  the  fishes  after 
further  practice  not  reacting  to  the  tactile  stimulus  alone.  If, 
however,  the  gustatory  sensation  is  added,  by  the  substitution 
of  meat  for  the  cotton,  the  original  reflex  is  given  as  promptly 
as  before.  This  would  seem  to  indicate  that,  while  the  tactile 
sensation  alone  is  not  sufficient  to  maintain  the  reflex,  the  addi- 
tion of  the  gustatory  element  is  sufficient,  and  therefore  that 
the  gustatory  element  is  the  essential  element  in  setting  off  the 
reflex.  This  hypothesis  was  tested  by  an  extensive  series  of 
experiments  similar  in  plan  to  those  last  described. 

In  general  there  was  no  noticeable  difference  between  the 
reaction  to  the  white  cotton  and  that  to  the  red,  though  in. 
some  cases,  especially  toward  the  end  of  the  series  of  experi- 
ments, after  the  fishes  had  learned  to  pay  no  attention  to  white 
cotton  when  touched  at  any  point  by  it,  they  would  sometimes 
turn  and  touch  the  red  cotton  with  the  lips  or  a  barblet,  imme- 
diately to  turn  away  again  without  biting  the  cotton  as  they  did 
at  first.  The  reaction  is  not  the  quick  turn  and  instant  seizing 
of  the  bait  which  I  have  termed  the  "gustatory  reaction,"  but 
a  more  deliberate  movement  similar  to  what  I  termed  above 
the  • 'tactile  reaction."  This  occurred  only  when  the  cotton 
was  in  plain  view  at  the  time  of  the  contact  and  is  probably  in 
this  case  partly  a  visual  response  called  forth  by  the  similar  ap- 
pearance of  the  red  cotton  and  bits  of  beefsteak  on  which  they 
were  habitually  fed.  It  was  not  by  any  means  constant,  for,  in 
general,  after  the  first  few  days  contact  with  neither  color  of 
cotton  called  forth  any  response  whatever. 

Alter  this  result  was  reached,  I  dipped  the  pledgets  of 
white  cotton  in  the  filtered  juice  of  fresh  beef  and  touched  the 
body  surfaces  and  barblets  with  them  in  the  same  way  as  bc- 
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fore.  In  all  cases  I  got  a  typical  "gustatory"  reaction  exactly 
the  same  as  with  the  meat,  and  this  reaction  persisted  after  many 
trials  with  no  diminution.  The  cotton  was  taken  instantly  into 
the  mouth  and  tugged  vigorously.  No  amount  of  training 
served  to  eradicate  or  to  weaken  this  reflex. 

I  next  prepared  a  small  bulb  syringe,  with  the  delivery 
tube  drawn  out  to  a  very  fine  point.  This  was  filled  with  the 
water  in  which  the  fishes  were  and  a  fine  jet  directed  against 
their  bodies.  They  either  paid  no  attention  or  were  distu«-bed 
and  swam  away.  I  now  substituted  for  the  water  in  the  syringe 
the  juice  of  raw  beef  pressed  out  and  strained.  When  a  jet  of 
this  fluid  was  directed  against  the  side  of  the  body,  the  fish  al- 
ways instantly  turned  and  tried  to  take  the  end  of  the  syringe. 
The  reaction  was  identical  with  thdt  produced  when  a  corre- 
sponding part  of  the  body  is  touched  with  taw  meat  I  invari- 
ably got  the  reaction  both  from  the  sides  of  the  body  as  far 
back  as  the  root  of  the  tail  fin  and  from  the  skin  of  the  head 
and  barblets. 

I  also  tested  the  fishes  with  bits  of  red  brick  held  in  for- 
ceps. The  forceps  seemed  to  frighten  the  fishes.  They  either 
paid  no  attention  to  the  contact  with  the  brick  (when  touched 
in  such  a  way  that  they  could  not  see  the  point  of  contact),  or 
•else  the  harsh  contact  seemed  to  frighten  them.  I  then  touched 
them  on  various  parts  of  the  body  and  the  barblets  with  bits  of 
brick  which  had  been  soaked  in  raw  meat  juice.  In  most  cases 
they  would  turn  and  touch  the  brick  with  the  lips  or  take  it  in- 
to the  mouth,  but  often  they  seemed  frightened  and  would 
swim  away.  I  then  gave  them  a  few  bits  of  meat  with  the 
forceps  and  found  that  they  took  it  eagerly,  being  very  hungry, 
but  it  had  to  be  given  more  cautiously  than  with  the  wire,  as 
they  wr;re  afraid  of  the  forceps  if  they  saw  them  clearly. 

Next  I  dropped  bits  of  brick  which  had  been  soaked  in 
meat  juice  in  front  of  the  fishes  as  they  lay  under  leaves  with 
the  barblets  projecting  beyond  the  edges  of  the  leaves.  In 
all  such  cases  upon  touching  the  brick  with  a  barblet  they  seized 
the  brick  and  bit  at  it  viciously.  Often  they  would  return  to  it  a 
second  or  third  time  and  try  to  bite  it.     I  dropped  similar  bits 
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of  brick  which  had  not  been  soaked  in  meat  juice  in  front  of 
them  in  the  same  way,  but  they  paid  no  attention  to  them,  or  in 
a  few  cases  they  would  touch  them  with  the  barblets  and  then 
swim  away  again  (••tactile"  reaction).  They  never  attempted 
to  bite  them.  Clearly  they  taste  the  meat  juice  in  the  bricks 
when  they  are  touched  by  a  barblet,  and  the  experiment  when 
the  body  was  touched  by  a  similar  brick  held  in  forceps  shows 
that  they  taste  the  juice  by  the  body  also. 

On  one  occasion  I  tested  the  fishes  with  pieces  of  cooked 
meat  that  had  been  long  boiled  so  that  nearly  all  the  extractives 
were  drawn  out.  The  experiments  were  conducted  just  like 
those  with  the  raw  meat,  but  the  fishes  gave  by  no  means  so 
clear  reactions  to  it.  Upon  touching  the  sides  of  the  body,  the 
fishes  usually  paid  no  attention  to  the  stimulus,  treating  it  just 
as  they  did  cotton.  I  then  touched  the  barblets  a  few  times 
and  to  this  they  would  generally  react  by  turning  and  taking 
the  meat,  but  not  always  nor  so  promptly  as  with  fresh  meat 
Upon  testing  the  sides  of  the  body  again  after  this  experi- 
experience,  I  got  a  reaction.  The  fishes  would  turn  and  touch 
the  meat  with  the  barblet  or  lips  before  taking  it,  rarely  giving 
the  quick  reaction  characteristic  of  fresh  meat.  Evidently  the 
cooked  meat  has  less  taste  to  the  fishes  than  fresh  meat  and  this 
interferes  with  the  reaction.  They  eat  the  cooked  meat  when 
they  are  sure  that  it  is  edible. 

These  experiments,  which  were  all  many  times  repeated 
and  controlled,  I  think  show  conclusively  that  practically  the 
whole  cutaneous  surface  of  Ameiurus  is  sensitive  to  both  tactile 
and  gustatory  stimuli  and  that  the  latter  call  forth  characteristic 
reflexes  which  are  of  the  greatest  value  to  the  fish  in  procuring 
food.  The  fish  normally  reacts  to  contacts  on  the  body  by 
both  types  of  stimuli — to  the  mere  tactile  stimulus  (if  at  all)  by 
a  tentative  movement  calculated  to  bring  the  doubtful  substance 
into  contact  with  the  more  highly  sensitive  barblets  or  lips,  but 
to  the  tactile  stimulus  accompanied  by  the  gustatory  by  an  im- 
mediate, rapid  and  precise  movement  calculated  to  seize  the 
food.  This  latter  reflex  is  unvarying  and  is  very  persistent  un- 
der a   great  variety   of   forms   of  stimulation.      The   former 
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("tactile")  reflex  Is  less  stable,  and  may  be  readily  eliminated 
by  a  simple  course  of  training.  Clearly  the  gustatory  element 
of  the  sensation  complex  resulting  from  a  contact  with  a  sapid 
substance  is  more  important  than  the  tactile  element. 

It  is  clear  that  in  order  to  call  forth  the  characteristic 
''gustatory"  reflex  the  stimulus  must  be  quite  strong  and 
rather  sharply  localized.  For  when  there  is  only  a  small 
amount  of  meat  juice  diffused  through  the  water,  as  by  the 
presence  of  a  piece  of  fresh  meat  near  the  fish,  he  is  not  able 
to  localize  it  accurately,  but  exhibits  only  the  "seeking  re- 
action. "  I  have  not  as  yet  been  able  to  convince  myself  whether 
the  fish  could  accurately  locate  a  strong  and  sharply  localized 
gustatory  stimulus  with  no  tactile  element.  In  all  the  experi- 
ments in  which  meat  juice  was  directed  against  the  body  with  a 
pipette  or  syringe  there  was  doubtless  some  tactile  effect  pro- 
duced by  the  impact  of  the  jet.  We  know  from  the  experi- 
ments that  pure  tactile  stimuli  can  be  accurately  localized  on 
the  skin,  and  there  can  be  no  doubt  that  under  normal  condi- 
tions these  assist  in  the  localization  of  the  food  object. 

(2)     Experiments   on    Gadoid   Fishes. 

The  preceding  experiments  were  all  carried  on  in  the  zoo- 
logical laboratory  of  Denison  University;  the  experiments  on 
marine  fishes  which  follow  were  made  during  the  summer  of 
1902  at  the  U.  S.  Fish  Commission  laboratory  at  Woods  Hole. 
The  feeding  reactions  of  three  types  of  gadoids  were  studied;- 
viz.,  young  pollock  {JPollachius  virens)  about  10  cm.  long,  hake 
{Urophycis  tenuis)  about  20  cm.  long,  and  young  adult  tom  cod 
{Microgadus   tomcod). 

As  is  well  known,  the  hake  and  tom  cod  have  a  mental 
barblet  which  is  known  to  be  abundantly  set  with  terminal  buds 
and  which  receives  both  communis  and  general  cutaneous  in- 
nervation. In  all  three  types  the  lips  are  freely  supplied  with 
terminal  buds  and  there  is  a  recurrent  branch  of  the  facial  nerve, 
the  ramus  lateralis  accessorius,  which  carries  communis  fibers 
into  the  trunk  to  supply  the  terminal  buds  found  on  the  fins, 
especially  the  free  rays  of  the  ventral,  or  pelvic  fins.     These 
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fins  are  far  forward  under  the  throat.  In  the  pollock  they  are 
but  little  modified,  in  the  torn  cod  two  rays  are  about  twice  as 
long  as  the  others  and  for  about  half  their  length  they  project 
freely  below  the  rest  of  the  fin.  In  the  hake  all  of  the  rays 
of  this  fin  are  suppressed  save  these  modified  free  rays,  so  that 
the  fin  is  filiform,  branched  at  the  end.  Microscopic  examina- 
tion shows  that  the  terminal  buds  are  more  abundant  on  the 
more  highly  modified  fins.  The  hake  also  has  a  free  filament 
on  the  dorsal  fin  produced  by  the  extension  of  the  third  and 
fourth  rays  beyond  the  others.  I  have  not  examined  this  free 
filament  microscopically,  but  know  that  it  receives  communis 
fibers  from  the  r.  lateralis  accessorius  and  have  no  doubt  that 
it  also  has  numerous  terminal  buds,  as  the  experiments  show  it 
to  be  very  sensitive  to  gustatory  stimuli.  The  pollock  have  very 
large  eyes  and  are  excellent  visualizers.  When  food  is  thrown 
into  the  water  they  dart  for  it  and  in  general  they  take  their 
food  by  the  visual  reflex.  So  keen  is  the  vision  that  it  would 
be  difficult  to  carry  on  any  experiments  such  as  I  have  done 
with  the  other  two  species  without  first  blinding  the  fish.  Nor 
do  they  habitually  drag  the  bottom  with  the  free  ventral  fin 
rays  as  the  others  do.  I  have  therefore  not  devoted  much  at- 
tention to  this  species,  preferring  to  study  more  carefully  those 
species  in  which  the  gustatory  reflex  plays  the  greater  part  in 
the  life  of  the  fish. 

Hu  /lake  (Urophycis  tenuis).  These  fishes,  like  the  torn 
cods,  readily  adapt  themselves  to  life  in  captivity  and  are  easily 
experimented  upon  in  small  tanks.  They  are  excellent  visual- 
izers. though  not  so  much  so  as  the  pollock.  When  bits  of 
meat  are  thrown  into  the  water  they  usually  catch  them 
before  they  fall  to  the  bottom  and  their  keen  vision  makes 
difficult  such  experiments  as  I  carried  on  with  the  cat  fishes. 
They  do  not  seem  to  recognize  by  sight  food  lying  on  the  bot- 
tom, but  only  when  it  is  in  motion.  But  bits  of  meat,  fish  or 
clam  lying  on  the  bottom  are  usually  found  by  the  aid  of  the 
free  ventral  fins.  These  fishes  spend  much  of  their  time  in 
slowly  swimming  in  an  apparently  aimless  manner  close  to  the 
bottom  of  their  tank.     During  these  movements  the  filamen- 
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tous  pelvic  fins  are  so  held  that  their  tips  drag  the  bottom. 
These  fin  rays  are  quite  long  and  they  are  usually  directed  ob- 
liquely forward,  outward  and  downward  with  the  two  branches 
of  each  fin  widely  divaricated,  so  that  the  four  tips  touch  the 
ground  in  a  line  transverse  to  the  body  axis  at  about  the  level 
of  the  mental  barblet.  In  this  way  the  bottom  under  the  fish 
and  for  a  short  distance  on  either  side  is  thoroughly  explored 
as  the  fish  swims  over  it,  and  all  food  particles  with  which  the 
barblet  or  free  fin  rays  come  in  contact  are  taken  by  a  quick 
and  precise  movement  similar  to  that  set  off  in  the  siluroids  by 
contact  with  their  barblets.  Bits  of  meat  or  clam  on  the  end 
of  a  slender  wire  could  be  laid  on  the  bottom  of  the  tank  and 
then  slowly  moved  up  under  or  behind  the  fish  and  the  reflex 
fi-om  the  vental  fins  tested  in  this  way.  Such  experiments, 
however,  had  to  be  made  with  great  caution  and  many  times 
repeated  to  rule  out  possible  visual  sensations  which  likewise 
call  forth  an  immediate  reflex. 

Bateson  ('90,  a)  records  similar  reactions  with  the  rockling 
{Motella),  a  gadoid  fish  with  the  same  general  structure  and 
distribution  of  terminal  buds  as  the  hake,  but  with  better  de- 
veloped barblets.  (On  the  structure  of  the  pelvic  fins  of  Mo- 
tella  compare  Bateson's  account  on  p.  214  with  that  on  p.  234 
of  the  same  volume).  Bateson,  moreover,  got  the  same  reflex 
with  fishes  which  had  been  blinded,  and  I  have  not  thought  it 
necessary  to  repeat  this  experiment,  for  my  fishes  give  suffi- 
ciently clear  evidence  that  this  reflex  from  the  fins  is  wholly  in- 
dependent of  vision.  We  have,  however,  to  investigate  the 
parts  played  by  tactile,  gustatory  and  olfactory  sensations. 

Bateson's  remarks  ('90,  a,  p.  214)  in  this  connection  on 
the  rockling  may  be  quoted  here.  The  three-bearded  and 
the  five-bearded  rocklings  are  nocturnal  and  lie  still  all  day. 
"Generally,  both  the  animals  take  no  notice  of  food  until  it 
has  lain  in  the  water  some  minutes,  when  they  start  off  in 
search  of  it.  The  rockling  searches  by  setting  its  filamentous 
pelvic  fins  at  right  angles  to  the  body,  and  then  swimming 
about  feeling  with  them.  If  the  fins  touch  a  piece  of  fish  or 
other  soft  body,  the  rockling  turns  its  head  round  and  snaps  it 
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up  with  great  quickness.  It  will  even  turn  round  and  examine 
uneatable  substances,  as  glass,  &c.,  which  come  in  contact 
with  its  fins,  and  which  presumably  seem  to  it  to  require  an 
explanation.  The  rocklings  have  great  powers  of  scent  and 
will  set  off  in  search  of  meat  hidden  in  a  bottle  sunk  in  the 
water.  Moreover,  a  blind  rockling  will  hunt  for  its  food  and 
find  it  as  easily  as  an  uninjured  one." 

The  above,  taken  in  connection  with  other  passages,  shows 
that  this  author  considers  that  the  food  is  found  largely  by 
scent  and  that  the  fin  reaction  is  essentially  tactile,  though  he 
has  seen  the  sense  organs  on  the  pelvic  fins  and  recognizes  their 
resemblance  to  taste  buds. 

Examination  of  stomach  contents  shows  that  the  normal 
food  of  these  hake  is  largely  crustaceans,  particularly  shrimps. 
I  fitted  up  a  tank  with  some  sea  weed  and  put  into  it  a  large 
number  of  prawns  {Palaetnonetes)^  mostly  living,  but  some  dead. 
Upon  putting  the  hake  into  this  tank,  they  immediately  ate 
some  of  the  dead  prawns  from  the  bottom  and  afterwards 
caught  the  live  ones,  but  very  slowly  and  with  many  failures. 
The  response  seems  to  be  wholly  visual.  These  fishes  would 
repeatedly  pass  directly  over  living  prawns,  touching  them  with 
the  fins  or  being  brushed  by  their  antennae,  but  so  long  as  the 
crustaceans  were  quiet  they  seemed  not  to  notice  them.  If, 
however,  a  prawn  was  killed  and  crushed  and  thrown  back  into 
the  water,  it  was  immediately  found.  Upon  another  occasion 
I  put  a  live  clam  into  the  tank  with  the  hake,  where  it  re- 
mained for  several  days,  with  siphons  greatly  extended.  The 
fishes  repeatedly  brushed  over  this  siphon  with  their  free  fins 
but  never  paid  any  attention  to  it,  though  if  a  similar  siphon 
were  cut  off  from  a  live  clam  so  as  to  allow  some  of  the  juices 
to  escape,  it  would  be  immediately  taken  and  eaten.  Evi- 
dently live  food  is  not  clearly  located  by  the  gustatory  organs 
of  the  fins. 

Besides  observing  as  fully  as  possible  the  normal  feeding 
habits  of  the  hake,  I  experimented  upon  the  reactions  to 
stimuli  applied  to  both  the  pelvic  and  the  filamentous  dorsal 
fins.     As  mentioned  by  Bateson,  the  pelvic  fins  are  freely  used 
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to  explore  all  manner  of  substances  which  may  attract  the 
notice  of  the  fish,  whether  edible  or  not.  After  these  fishes 
had  become  accustomed  to  being  fed  small  bits  of  meat  or  clam 
or  mussel  (MedeoUi)  in  their  tank,  they  immediately  swim  to- 
ward any  small  unfamiliar  body  with  the  pelvic  fins  thrust  for- 
ward to  touch  it  before  the  mouth  reaches  it.  Sometimes  the 
tips  of  these  fins  close  over  it  with  a  movement  strongly  sug- 
gestive of  grasping,  though  of  course  this  they  cannot  do. 

Upon  testing  by  contact  with  meat  or  other  bait,  the  free 
dorsal  filament  is  found  to  be  quite  as  sensitive  to  gustatory 
stimuli  as  the  filamentous  ventrals.  The  reflex  in  this  case  is 
very  characteristic  and  constant — the  fish  upon  touching  a 
savory  morsel  checks  its  forward  movement  and  immediately 
**  backs  water"  so  as  to  reverse  the  movement  of  the  body  un- 
til the  object  is  directly  above  the  mouth,  when  it  is  taken  at 
once.  This  reflex  usually  (though  not  so  invariably)  follows  a 
contact  of  meat  upon  any  part  of  the  dorsal  fin,  as  well  as  the 
free  filament.  The  reflex  rarely  fails  when  any  one  of  the  filamen- 
tous fins  is  touched  by  freshly  cut  meat.  After  meat  has  been 
in  the  water  for  fifteen  minutes  or  more  it  seems  to  lose  its  sa- 
vor and  the  fins  may  be  repeatedly  dragged  over  it  without 
calling  forth  a  response,  and  the  same  is  true  of  the  barblet  and 
lips. 

I  tested  the  filamentous  fins  with  a  wisp  of  cotton  wool  on 
a  fine  wire,  as  I  did  the  cat  fishes.  It  was  rarely  noticed  at  all 
by  the  pelvic  fins,  but  at  the  first  contact  with  the  filamentous 
dorsal  the  fish  reacted  just  as  he  did  to  meat  with  which  he  had 
been  tested  immediately  before.  Upon  repetition  the  response 
was  soon  discontinued.  For  a  few  tests  the  fish  would  pause, 
and  perhaps  back  up  slowly  so  as  to  smell  the  suspicous  object 
or  touch  it  with  the  barblet,  but  it  was  not  taken  into  the 
mouth.  After  from  two  to  ten  tests  no  further  attention  was 
paid  to  the  cotton,  or  the  fish  would  pause  a  moment  without 
backing  up.  This  experiment  was  many  times  repeated  in  the 
course  of  the  first  day  of  its  trial  and  daily  thereafter  for  some 
time.  If  three  or  four  hours  intervened  between  two  series  of 
about  twenty  tests,  the  first  one  or  two  tests  of  the  second  se- 
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ries  might  be  followed  by  an  incomplete  reaction,  but  after 
that  usually  no  notice  was  taken  of  the  cotton.  The  fishes 
apparently  remembered  the  preceding  tests.  But  if  more  than 
24  hours  intervened  between  tests,  the  process  of  training 
usually  had  to  be  gone  over  again. 

The  fact  that  the  hake  does  not  appear  to  remember  the 
difference  between  the  pure  tactile  stimulus,  and  the  tactile  plus 
the  gustatory  for  so  long  a  time  as  the  cat  fish  does  is  probably 
to  be  explained  by  the  fact  that  the  number  of  taste  buds  on 
the  filamentous  fins  of  the  hake  is  much  less  than  that  on  the 
barblets  of  the  cat  fish  and  therefore  the  gustatory  element  in 
the  sensation  complex  is  doubtless  much  less  in  the  hake.  The 
whole  course  of  experiments  indicates  that  the  response  is  in 
fact  much  more  strongly  tactile  in  the  hake. 

During  the  course  of  these  experiments  I  often  alternated 
bits  of  meat  with  the  cotton  wool,  and  at  other  times  sub- 
stituted cotton  that  had  been  soaked  in  clam  juice.  In  these 
cases  I  always  got  the  characteristic  gustatory  reaction  by  all 
of  the  filamentous  fins,  no  difference  being  observable  between 
the  reaction  to  meat  of  clams  or  fish  and  that  to  cotton  soaked 
in  filtered  clam  juice. 

I  also  tested  the  hake  with  gelatin  which  had  been  soaked 
up  in  cold  water.  Shreds  of  the  well  softened  gelatin  were 
fastened  to  the  end  of  a  wire  and  brought  into  contact  with  the 
body  surface.  The  reactions  were  identical  with  those  obtained 
with  white  cotton.  The  gelatin  shreds  are  very  nearly  colorless 
and  absolutely  tasteless  to  my  tongue.  But  to  the  sense  of 
touch  they  are  almost  exactly  the  same  as  the  bits  of  fresh  clam 
meat  with  which  most  of  these  experiments  have  been  con- 
ducted. The  hake  at  first  would  take  the  bait  when  the  fila- 
mentous dorsal  was  touched,  but  if  the  gelatin  was  taken  into 
the  mouth  it  would  be  immediately  rejected  and  after  a  few 
trials  the  fish  would  no  longer  respond  to  the  stimulus.  He 
acted  in  the  same  way  when  the  pelvic  fins  were  stimulated. 
Shreds  of  the  softened  gelatin  falling  through  the  water  were 
sometimes  noticed,  but  rarely  taken  into  the  mouth,  and  if  so 
were  immediately  rejected.     Similar  shreds  lying  on  the  bottom 
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were  neglected,  even  though  the  barblet  and  filamentous  fins 
dragged  over  them  repeatedly. 

I  next  took  small  clam  shells  that  had  been  lying  long  in 
the  tanks  containing  the  fish  and  were  thoroughly  cleaned  of 
fleshy  matter  and  which  the  fishes  had  not  paid  any  attention 
to  for  days.  These  I  dried  and  warmed  and  then  filled  with 
melted  gelatin  which  had  been  previously  softened  up  in  cold 
water.  Upon  cooling  there  results  a  mass,  colorless,  tasteless, 
and  odorless,  which  feels  almost  exactly  like  the  flesh  of  a  clam, 
which  had  often  been  fed  to  the  fishes  in  this  way.  Upon 
dropping  these  shells  into  the  water,  the  fishes  eagerly  snap 
them  up,  feel  of  them  with  the  lips  or  barblet,  and  then  bite  in- 
to the  gelatin.  They  immediately  reject  the  gelatin  and  they 
never  repeat  the  process.  Even  if  they  draw  the  fins  or  barb- 
lets  repeatedly  over  the  shells  and  the  contained  gelatin,  they 
never  again  pay  any  attention  to  them. 

I  also  repeated  with  the  hake  the  experiments  which  I  had 
previously  carried  out  upon  the  cat  fish,  using  a  fine  pointed 
pipette  and  sapid  solutions.  The  fishes  were  in  all  cases  first 
tested  with  sea  water  taken  from  the  tank  in  which  they  were 
swimming.  On  one  occasion  (the  first  test  made)  a  jet  of  water 
directed  against  the  filamentous  dorsal  was  followed  by  the 
characteristic  backward  movement  of  the  fish,  so  that  he  finally 
received  the  jet  in  the  face.  He  turned  and  tried  to  take  the 
point  of  the  pipette  in  his  mouth — a  purely  tactile  reflex  ap- 
parently. This  response  I  never  got  again  with  this  or  any 
other  fish,  though  occasionally  the  fish  would  stop,  hesitate 
a  moment,  and  then  swim  on,  paying  no  further  attention  to 
the  stimulus.  If  the  jet  of  water  is  directed  against  the  pelvic 
fin  while  it  is  extended  and  searching  the  bottom  for  food,  the 
fin  is  usually  quickly  withdrawn  and  pressed  against  the  side  of 
the  body. 

The  pipette  was  then  filled  with  the  freshly  prepared  and 
strained  juice  of  the  mussel  {Medeoia),  and  this  was  directed 
against  the  fish  in  the  same  way.  The  fishes  responded  in- 
stantly just  as  when  stimulated  by  meat,  whether  the  jet  was 
directed  against  the  filamentous  dorsal,  or  the  dorsal  fin  at  any 
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part,  or  the  side  of  the  body  or  the  free  pelvic  fin.  The  reflex 
is  immediate  and  unmistakable,  more  sharply  defined  than  I 
usually  get  by  contact  with  the  meat  of  the  same  mussel.  The 
experiment  was  many  times  repeated,  always  with  the  result 
that  the  jet  of  water  was  ignored  or  avoided,  while  the  jet  of 
mussel  or  clam  or  crab  juice  was  eagerly  sought,  the  fish  usually 
snapping  at  the  end  of  the  pipette. 

I  have  carried  out  no  systematic  chemical  experiments  to 
determine  the  gustatory  preferences  of  the  fishes,  having  shaped 
my  experiments  so  far  as  possible  along  the  lines  of  the  normal 
feeding  habits  of  the  species  studied.  Nagel  and  some  other 
previous  students  of  these  problems  have  relied  chiefly  on  re- 
actions to  unpleasant  stimuli  and  the  reader  is  referred  to  their 
works,  though  I  consider  this  a  less  satisfactory  line  of  inquiry 
than  the  study  of  normal  reactions  to  food  substances.  The 
few  fragmentary  observations  which  I  have  made  with  chemical 
stimulants  I  shall,  however,  record  in  their  appropriate  places. 

Specimens  of  hake  were  tested  with  a  0.2%  solution  of 
hydrochloric  acid  made  up  in  distilled  water,  the  acid  being 
directed  against  the  body  by  means  of  a  fine  pipette.  The 
dorsal  and  ventral  fins,  the  sides  of  the  body  and  the  lips  were 
tested.  When  first  tested  on  the  fins  one  hake  turned  and  tried 
to  take  the  pipette,  much  as  he  did  with  the  clam  juice.  After- 
wards this  fish,  as  well  as  all  the  others  from  the  first,  seemed 
rather  to  dislike  the  acid  and  would  swim  slowly  away.  There 
is  no  constant  reaction,  however,  and  in  fact  the  fishes  act  very 
much  as  they  do  when  a  jet  of  simple  sea  water  is  directed 
against  them.  They  do  not  appear  to  dislike  the  acid  intensely. 
Later  I  tested  these  fishes  with  a  i  %  solution  of  hydrochloric 
acid  in  sea  water.  This  is  decidedly  unpleasant  and  is  uni- 
formly avoided. 

The  experiments  recorded  seem  to  show  clearly  that  the 
hake  receives  both  tactile  and  gustatory  stimuli  by  means  of 
the  free  fin  rays  and  to  some  extent  doubtless  by  other  parts  of 
the  outer  body  surface.  What  role  may  be  played  by  the 
tense  of  smell  remains  obscure.  To  test  the  powers  of  locating 
concealed  food  the  following  experiments  were  tried. 
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In  a  tank  containing  two  hake  which  were  very  hungry  I 
placed  a  piece  of  fresh  clam  meat  concealed  between  two  small^ 
old  and  thoroughly  clean  clam  shells  which  had  been  l3nng  for 
some  time  in  the  bottom  of  the  tank.  The  fishes  did  not  seem 
to  smell  the  meat  at  a  distance  and  so  be  attracted  to  the  spot 
where  the  shells  were,  but  if  in  the  course  of  their  aimless 
movements  along  the  bottom  of  the  tank  they  passed  over  the 
shells  they  generally  stopped  a  moment,  smelled  around  and 
then  passed  on,  first  feeling  over  the  whole  area  of  the  shell 
with  their  free  fins.  As  time  passed,  this  reaction  became  less 
clear  until  after  some  fifteen  minutes  they  generally  passed  over 
the  shells  without  paying  any  attention.  They  never  found  the 
meat.  This  experiment  was  many  times  repeated  with  the 
same  result.  The  sense  of  smell  can  play  no  strong  part  in 
the  locating  of  their  food.  It  may  play  some  small  part, 
though  I  incline  to  believe  that  the  interest  which  the  fishes 
show  in  the  concealed  bait  is  excited  by  a  vague  stimulus  to  the 
terminal  buds  on  the  fins.  Compare  the  experiments  made 
after  the  extirpation  of  the  olfactory  organs  in  the  tom  cod,  de- 
scribed below. 

The  torn  cod  {Microgadus  tcmcod).  These  fishes  are  much 
less  active  than  the  hake,  spending  most  of  the  time  lying 
quietly  on  the  bottom  of  their  tank.  They  have  not  so  keen 
sig^ht  as  the  hake  and  pollock,  but  still  obtain  much  of  their 
food  by  thb  sense,  catching  food  thrown  in  before  it  reaches 
the  bottom.  They  do  not  catch  live  prawns  in  captivity  so 
well  as  the  hake  do,  yet  prawns  and  other  active  crustaceans 
are  found*  in  the  stomachs  of  specimens  taken  with  the  seine. 
The  dorsal  fin  lacks  the  free  filamentous  rays  and  is  not  especi- 
ally sensitive  to  gustatory  stimuli.  The  ventral  fins  are,  how- 
however,  very  efficient  in  locating  sapid  substances  lying  on 
the  bottom ;  they  are  shorter  than  those  of  the  hake  and  are  not 
thrust  forward,  but  incline  slightly  backward.  Like  the  hake, 
the  tom  cods  spend  much  time  in  slowly  exploring  the  bottom, 
though  they  assume  a  very  different  position,  with  the  head  di- 
rected downward  at  an  angle  of  some  30^  to  45^  with  the  bot- 
tom, so  that  the  tips  of  the  barblet  and  ventral  fins  just  drag 
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the  bottom.  When  food  particles  are  located,  they  are 
snapped  up  by  a  quick  lateral  movement  similar  to  that  of  the 
cat  fishes.  Sometimes,  however,  stimulus  of  the  ventral  fins  is 
followed  by  a  reversed  swimming  movement,  the  fish  backing 
up  to  take  the  bait.  At  other  times  the  fish  when  exploring 
the  bottom  swims  slowly  backwards,  so  that  no  change  of  di- 
rection is  necessary  when  food  is  located. 

I  made  a  series  of  tests  with  cotton  wool  and  cotton 
dipped  in  clam  juice  similar  to  those  described  for  the  hake  and 
with  the  same  results.  I  also  repeated  the  tests  made  with  sea 
water  and  with  strained  clam  juice  by  the  aid  of  a  pipette,  with 
identically  the  same  results  as  with  the  hake.  After  a  few  tests 
the  fishes  ignore  sea  water  and  plain  cotton,  but  invariably  re- 
spond to  cotton  soaked  in  clam  juice  and  to  the  juice  itself  as 
they  do  to  meat.  The  torn  cod  reacts  to  bits  of  clear  gelatin 
soaked  up  in  water  essentially  as  the  hake  does. 

I  also  tested  the  tom  cod  with  hydrochloric  acid,  o.  2  %  in 
distilled  water  and  i%  in  sea  water.  Both  are  obviously 
avoided.  I  filled  a  fine  pipette  with  a  solution  of  quinine  sul- 
phate in  sea  water,  about  o.  i  % — a  very  bitter  solution.  The 
tom  cod  swims  away  immediately  if  applied  either  to  the  lips  or 
to  the  pelvic  fins,  but  appears  not  to  notice  it  if  applied  to  other 
parts  of  the  body. 

Within  two  old  clam  shells  which  had  been  lying  in  the 
tank  with  the  tom  cods  for  several  days  and  had  remained  un- 
noticed was  placed  a  piece  of  fresh  clam.  They  were  then 
closed  together  and  laid  on  the  bottom  of  the  aquarium  con- 
taining a  tom  cod.  Shortly  the  fish  passed  near  it,  appeared  to 
perceive  it,  turned  from  his  course  and  passed  and  repassed  the 
spot  until  the  shell  was  located,  apparently  by  smell,  by  a 
method  of  ** trial  and  error."  Then  he  rooted  at  the  shell  vig- 
orously until  the  two  halves  were  separated  and  he  could  get 
the  meat.  I  repeated  this  with  a  piece  of  squid  within  the 
shells  with  the  same  result.  I  tried  two  empty  shells  in  the 
same  way.  He  saw  me  put  them  into  the  water,  came  up  to 
investigate,  smelled(?)  of  the  shells,  and  went  away  without  so 
much  as  touching  them  and  never  came  back  to  them  a^n. 
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These  experiments  were  repeated  in  many  forms  many 
times.  In  most  of  these  cases  the  efficient  organ  in  discovering 
the  presence  of  the  food  was  almost  certainly  the  pelvic  fin. 
At  least,  this  alone  located  it.  For  the  fish  swam  about  (possi- 
bly feebly  smelling  something  good)  but  did  not  make  a  definite 
movement  toward  the  bait  until  the  fins  were  dragged  over  the 
crack  between  the  two  shells  containing  it,  from  which  the 
juices  were  doubtless  being  diffused  out  into  the  surrounding 
water.  Then  he  backed  up  in  the  typical  way.  If  the  bait 
was  not  found  within  a  very  few  minutes,  it  was  left  unnoticed, 
even  though  subsequently  uncovered. 

These  fishes  almost  invariably  find  a  concealed  bait,  though 
the  hake  rarely  does  so.  The  hake  seems  to  perceive  the  odor 
or  savor  of  the  food,  for  he  lingers  about  the  spot  where  it  is 
concealed,  but  never  makes  a  movement  to  uncover  it.  The 
torn  cod,  on  the  other  hand,  actively  pushes  things  about  with 
the  snout  until  the  bait  is  discovered.  But,  unlike  the  gadoid 
fishes  which  Bateson  describes,  these  fishes  do  not  get  the  scent 
of  the  food  at  any  considerable  distance  and  then  search  for  it. 
They  do  not  notice  the  bait  until  within  a  few  centimeters  of  it, 
and  there  is  no  evidence  that  the  sense  of  smell  assists  at  all  in 
the  localization. 

To  test  this  point  the  olfactory  organ  was  extirpated  in 
several  tom  cods  which  had  g^ven  the  reaction  last  described 
clearly.  Several  ways  of  performing  this  operation  were  tried. 
The  most  successful  method  was  to  etherize  the  fish  sufficiently  to 
keep  him  quiet,  and  then  operate  in  a  shallow  tray  with  the 
mouth  kept  under  water,  cutting  off  the  olfactory  nerves  or 
crura  with  a  sharp  scalpel.  The  wounds  suppurated  badly,  but 
appeared  to  give  the  fish  no  serious  trouble,  as  they  fed  nor- 
mally from  the  second  day  onward.  Without  going  into  the 
details  of  the  observations,  I  may  say  that  after  the  third  or 
fourth  day  the  fishes  took  their  food  in  all  respects  like  unin- 
jured fishes,  so  far  as  could  be  observed.  They  gave  all  the 
characteristic  reflexes  that  have  been  mentioned  above,  in- 
cluding the  discrimination  between  cotton  wool  and  cotton 
6ipptA  in  clam  juice  and  between  sea  water  and  clam  juice  ap- 
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plied  with  a  pipette,  etc.  The  operated  fish  would  locate 
a  concealed  bait  by  means  of  the  pelvic  fins  exactly  as  the  nor- 
mal fish  does  and  he  would  similarly  root  it  out  and  eat  it  In 
short,  the  gustatory  reflexes,  so  far  as  I  have  observed  them, 
were  absolutely  unmodified  by  the  operation.  That  the 
olfactory  apparatus  was  totally  destroyed  was  verified  by 
autopsy  dissections  made  after  the  close  of  the  observations. 

(3)     Other  Fishes. 

The  sea  robin  {Ptionotus  catolinus).  The  three  finger-like 
rays  of  the  pectoral  fins  ol  the  gurnards  have  long  attracted  the 
attention  of  zoologists,  and  the  American  species  of  Ptionotus 
have  been  made  the  subject  of  a  careful  research  by  Morrill 
{'95).  He  finds  that,  as  in  the  European  Trigla,  the  free  rays 
are  totally  devoid  of  terminal  buds  or  other  specialized  sense 
organs  and  that  the  sensory  nerves  with  which  these  free  rays 
are  so  abundantly  supplied  end  free,  like  tactile  nerves  in  gen- 
eral. 

He  also  made  some  interesting  physiological  experiments. 
The  normal  food  of  these  species  so  far  as  known  is  small  fish, 
young  clams,  shrimps,  amphipods  and  other  small  Crustacea, 
squid,  lamellibranch  mollusks,  annelids  and  seaweeds  (Lin- 
ton, 1 90 1,  p.  470).  They  are  constantly  feeling  about  the 
sand,  turning  over  stones  and  feeling  under  them,  etc.,  with 
these  free  rays  and  undoubtedly  find  their  food  largely  in  this 
way,  especially  the  annelids,  mollusks  and  Crustacea.  But  in 
captivity  the  eyes  are  used  chiefly  in  securing  the  food.  Mor- 
rill writes  further,  "In  order  to  test  the  use  of  the  free  mys  in- 
dependently of  sight  the  crystaline  lense  and  cornea  were  re- 
moved from  some  fish  and  in  other  cases  the  cornea  was  cov- 
ered with  varnish,  balsam  or  tar.  The  repeated  experiments 
were  negative  in  their  result,  as  the  fish  paid  no  attention  to 
the  food,  even  when  it  was  placed  in  contact  with  the  free 
rays."  Morrill  concludes  ''that  the  free  rays  have  been  modi- 
fied for  tactile  purposes,  and  that  they  are  mainly  if  not  alto- 
gether used  in  searching  for  food." 

Morrill's  dissections  leave  it  uncertain  whether  the  free  rays 
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of  the  pectoral  fins  receive  communis  nerves,  as  they  should  do, 
of  course,  if  these  organs  had  given  evidence  of  gustatory  pow- 
ers. The  only  source  of  communis  fibers  for  this  fin  would  be 
through  the  ramus  lateralis  accessorius(r.  recurens  facialis).  Stan- 
nius  ('49,  p.  49)  did  not  find  this  nerve  in  Trigla  gmnardus  and  T. 
Mrundo.  I  dissected  a  specimen  of  Prionotus  caroUnus  and  found 
the  same  to  be  true  here,  so  that  it  can  be  taken  as  assured  that 
no  communis  nerves  reach  the  pectoral  fin  in  this  species. 

After  an  examination  of  the  feeding  habits  of  the  adutt  sea 
robin  and  of  young  specimens  about  10  cm.  long,  I  quite  agree 
with  Morrill,  that  the  reaction  to  food  particles  by  the  free  fin 
Ta)rs  is  tactile  only,  with  no  gustatory  element.  When  adults 
are  fed  with  fresh  clams  or  mussels,  the  shells  split  open  to  ex- 
pose the  meat,  they  turn  and  bite  out  the  meat  as  soon  as  a 
free  ray  touches  the  soft  flesh.  Young  fishes  did  not  give  this 
reaction  so  invariably,  and  evidently  relied  much  more  on  sight. 
Clean  clam  shells  filled  with  melted  gelatin  were  reacted  to  like 
the  fresh  clams  once  or  twice  by  each  fish,  but  usually  were 
thereafter  ignored. 

The  free  rays  constantly  stir  up  the  sand  and  gravel  of  the 
bottom.  If  soft  edible  particles  are  touched,  the  head  nay  be 
turned  to  snap  them  up,  especially  with  old  fishes;  with 
younger  ones  this  usually  does  not  happen  unless  the  particle 
is  seen  while  in  motion.  In  fact,  with  these  younger  fishes  the 
purpose  of  the  activity  of  the  free  ray  sseems  to  be  in  the  main 
the  agitation  of  particles  on  the  bottom  to  bring  them  into  the 
tange  of  vision.  Almost  any  unfamiliar  object,  such  as  a  bit 
of  coal  or  a  brightly  colored  pebble  or  any  soft  article,  if  seen 
while  in  motion,  will  be  apt  to  be  taken  into  the  mouth.  The 
analysis  is  done  here,  not  by  tlie  peripheral  cutaneous  organs. 
AU  small  objects  thrown  into  the  water  are  taken  into  the 
mouth  as  they  fall;  bits  of  filter  paper,  gelatin,  etc.,  will  be 
iaken  and  immediately  rejected.  The  same  bit  of  paper  or  ex- 
•crement  may  be  taken  and  rejected  a  half  dozen  times  in  rapid 
succession,  the  reflex  following  in  a  perfectly  automatic  way  as 
-soon  as  the  moving  object  is  seen.  Small  worms  when  thrown 
into  the  water  would  be  captured  before  they  had  time  to  reach  the 
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bottom.  But  if  placed  on  the  bottom  they  would  seek  shelter 
under  pebbles  and  remain  unnoticed  until  they  were  stirred  up 
and  sent  floating  ofT,  when  they  would  be  seen  and  taken  at 
once.  The  free  fin  ray  was  observed  to  touch  the  worm  when 
concealed  without  evoking  a  response.  A  moment  later  the 
worm  was  set  in  motion  and  taken  at  once. 

I  got  no  evidence  that  the  fishes  smeH  or  otherwise  detect 
the  presence  of  food  at  a  distance  or  concealed  from  sight  and 
touch.  Meat  enclosed  between  clam  shells,  which  a  tom  cod 
would  have  secured  within  a  minute  or  two,  remained  unno- 
ticed, though  the  outsides  of  the  shells  were  repeatedly  fingered 
over  by  the  free  rays  and  similar  bits  of  meat  were  taken  at 
once  if  in  motion  near  the  fish. 

The  young  sea  robins  eat  crab  meat  well.  I  made  a 
strong  extract  of  crab  meat  and  filtered  it.  Now  with  a  fine 
pipette  a  jet  of  cleam  sea  water  was  directed  against  the  free  pec- 
toral fin  rays.  There  was  no  response,  or  if  the  jet  was  strong 
the  fin  was  folded  against  the  body.  The  extract  of  crab  ap- 
plied in  the  same  way  with  the  pipette  gave  the  same  result. 
Even  when  the  jet  is  directed  against  the  lips,  the  fish  usually 
pays  no  attention  or  is  disturbed  and  swims  away.  This  would 
seem  to  indicate  that  the  sense  of  taste  is  absent  or  very  feeble 
on  all  of  the  exposed  parts  of  the  body.  Thus  the  absence  of 
special  gustatory  sense  organs,  of  communis  nerves  and  of  gus- 
tatory reactions  from  the  free  rays  of  the  pectoral  fins  serve  as 
mutual  controls. 

The  king  fish  {Menticirrhus  saxatilis).  The  fishes  have  a 
short,  thick  mental  barblet  and  they  were  studied  to  compare 
their  reactions  with  those  of  the  siluroid  and  gadoid  fishes. 
Most  of  the  types  of  experiment  made  previously  on  the  latter 
fishes  were  repeated  on  the  king  fish  Without  going  into  de- 
tails, the  experiments  seemed  to  show  in  general  that  the  king 
fish  is  not  a  pure  visualizer,  though  vision  is  somewhat  used  in 
finding  food.  This  seems  to  be  in  the  main  a  tactile  reaction, 
as  most  of  the  food  taken  was  by  contact  and  non-nutritrous- 
substances  were  generally  taken  if  they  felt  like  food.  For  in- 
stance, colorless  gelatin  is  taken  at  the  first  contact  mid  repeat- 
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edly  thereafter  for  an  indefinite  number  of  times,  though  in  each 
case  it  is  at  once  rejected  as  soon  as  it  enters  the  mouth.  The 
sense  of  taste  seems  to  be  limited  to  the  mouth  and  I  found  no 
evidence  of  a  gustatory  reaction  by  the  barblet,  though  the  ex- 
periments were  not  sufficiently  numerous  or  varied  to  be  con- 
clusive.    They  do  not  find  a  concealed  bait. 

The  toad  fish  {Opsanus  tail).  These  fishes  were  experi- 
mented upon  at  the  same  time  as  the  hake  and  tom  cod  and  by 
the  same  methods.  The  toad  fish  never  found  a  concealed 
bait  and  never  seemed  to  get  food  by  any  other  reflex  path 
than  the  visual  or  tactile.  The  fleshy  cutaneous  appendages  of 
the  skin  were  especially  tested  to  bring  out  possible  gustatory 
reactions,  but  with  negative  results  save  for  those  bordering  on 
the  lips,  where  it  was  impossible  to  exclude  the  participation  of 
taste  buds  on  the  lips.  This  agrees  with  the  anatomical  find- 
ings of  Miss  Clapp  ('99)  whose  careful  study  of  the  skin  of  this 
fish  failed  to  reveal  any  terminal  buds  on  these  appendages  or 
elsewhere  away  from  the  buccal  cavity.  A  jet  of  sea  water  di- 
rected against  these  appendages  or  the  body  surface  in  general 
usually  disturbs  or  frightens  the  animal  merely,  if  it  is  noticed 
at  all.  A  jet  of  clam  juice  similarly  applied  calls  forth  the  same 
reaction  unless  it  is  so  directed  as  to  reach  the  lips,  in  which 
case  the  fish  reacts  to  it  just  as  the  hake  and  tom  cod  do,  at- 
tempting to  take  the  tip  of  the  pipette  in  the  mouth.  The  fol- 
lowing solutions  were  applied  in  the  same  way  by  a  fine  pipette 
to  various  parts  of  the  body  surface:  o.  2  %  hydrochloric  and 
I  %  hydrochloric  acid  in  sea  water,  and  o.  i  %  quinine  sulphate 
in  sea  water.  In  all  cases  the  fishes  paid  no  attention  to  the 
stimulus  unless  the  substance  was  so  applied  as  to  come  into 
contact  with  the  lips.  The  experiments  lead  me  to  conclude 
that  the  toad  fish  can  taste  only  within  the  mouth  and  on  the 
lips  and  that  if  the  cutaneous  appendages  have  any  sensory 
function  it  is  tactile  only. 
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CONCLUSION. 

The  morphological  and  physiological  significance  of  the 
terminal  buds  of  fishes  is  a  problem  which  has  exercised  some 
of  the  ablest  morphologists  for  over  half  a  century.  The  methods 
of  the  older  anatomy  have  signally  fieuled  to  y\€iA  concordant  re- 
sults. Not  until  the  innervation  of  the  cutaneous  sense  organs 
was  worked  out  from  the  standpoint  of  nerve  components  was 
their  confusion  relieved.  The  older  morphologists  (Schulze,  Mer- 
kel  and  others)  discovered  a  morphological  criterion,  the  "hair 
cells,"  by  which  the  terminal  buds  could  be  distinguished  from 
cutaneous  sense  organs  belonging  to  the  lateral  line  system. 
But  this  fact  attained  its  significance  only  when  it  was  discov- 
ered that  the  organs  of  the  lateral  line  system,  or  neuromasts, 
which  possess  the  **hair  cells"  are  always  innervated  by  lateralis 
nerves  related  centrally  to  the  tuberculum  acusticum,  while 
terminal  buds,  which  lack  the  **hair  cells,"  are  always  innerva- 
ted by  communis  nerves  which  are  related  centrally  to  the  pri- 
mary gustatory  centers  of  the  vagal  and  facial  lobes. 

Presumably,  then,  lateral  line  organs  and  terminal  buds 
have  different  functions,  and  further  the  function  is  probably  not 
tactile  in  either  case,  since  all  parts  of  the  skin  receive  general 
cutaneous  nerves  in  addition  to  the  special  sensory  components 
and  these  general  cutaneous  nerves  are  related  proximally  to 
different  centers  from  either  of  the  others.  The  lateral  line  or- 
gans are  known  to  be  used  in  the  maintenance  of  bodily  equi- 
librium and  the  perception  of  mass  motion  of  the  water  (com- 
pare the  recent  works  of  Lee  and  Parker).  On  the  other  hand, 
the  terminal  buds  are  related  in  structure  and  innervation  to  un- 
doubted taste  buds  of  the  mouth  and  hence  the  inference  that 
their  function  is  taste.  This  inference  is  abundantly  confirmed 
by  the  experiments  here  recorded;  and  the  function  and 
morphological  rank  of  the  terminal  buds  are  at  last  definitely 
fixed. 

It  may  be  regarded  as  established  that  fishes  which  possess 
terminal  buds  in  the  outer  skin  taste  by  means  of  these  organs 
and   habitually  find   their  food  by  their   means,   while   fishes 
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which  lack  these  organs  in  the  skin  have  the  sense  of  taste  con- 
fined to  the  mouth.  The  delicacy  of  the  sense  of  taste  in  the 
skin  is  directly  proportional  to  the  number  of  terminal  buds  in 
the  areas  in  question. 

Numerous  unrelated  types  of  bony  fishes  from  the  siluroids 
to  the  gadoids  which  possess  terminal  buds  have  developed 
specially  modified  organs  to  carry  the  buds  and  increase  their 
efficiency.  These  organs  may  take  the  form  of  barblets  or  of 
free  filiform  fin  rays.  The  free  rays  of  the  pelvic  and  dorsal 
fins  of  gadoid  fishes  are  thus  explained,  and  indeed  this  is  possi- 
bly the  motive  for  the  migration  into  the  jugular  position  of 
the  pelvic  fins  of  the  gadoids. 

In  all  cases  where  terminal  buds  are  found  on  barblets  or 
filiform  fin  rays  gustatory  nerves  belonging  to  the  communis 
system  are  distributed  to  them.  These  barblets  and  free  fin 
rays  likewise  receive  a  very  rich  innervation  of  tactile  or  gen- 
eral cutaneous  nerves,  so  that  they  merit  their  popular  designa- 
tion, "feelers.**  Both  sets  of  end  organs  undoubtedly 
cooperate  in  the  discrimination  of  food  and  the  animal 
has  the  power  of  very  accurate  localization  of  the  stimu- 
lus. Whether  the  gustatory  stimulus  alone  can  be  localized 
apart  from  its  tactile  accompaniment  cannot  at  present  be 
stated.  A  purely  tactile  stimulus  with  no  gustatory  element 
can  be  localized  precisely  and  I  have  as  yet  no  conclusive  evi- 
dence that  a  pure  gustatory  stimulus  even  when  strong,  can  be 
located  by  the  fish.  It  is  certain  that  feeble  and  widely  dif- 
fused gustatory  stimuli  cannot  be  accurately  located  by  the 
fishes  which  I  have  experimented  with  either  by  the  terminal 
buds  or  by  any  other  organs. 

The  fishes  in  which  the  cutaneous  terminal  buds  are  most 
highly  developed  are  in  general  bottom  feeders  of  rather  slug- 
gish habit  and  in  some  cases  they  are  nocturnal  feeders.  The 
high  development  of  this  sense  is  compensated  for  in  some 
fishes  by  the  reduction  of  others.  The  visual  power  of  the 
fishes  is  especially  apt  to  suffer  degradation.  This  degradation 
may  be  organic,  a  positive  degeneration  of  the  visual  apparatus, 
as  in  Ameiurus,  or  it  may  be  merely  functional.     In  the  latter 
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case,  though  the  organs  of  vision  are  not  necessarily  modified, 
these  organs  are  actually  used  in  procuring  food,  the  fish  being 
unable  to  effect  visual  reflexes  toward  food  substances  or  to  cor- 
relate visual  stimuli  with  the  movements  necessary  to  react  to- 
ward food  substances.  The  fish  may  be  perfectly  able  to  effect 
other  visual  reflexes,  but  is  apparently  unable  to  understand  the 
significance  of  food  when  perceived  by  the  sense  of  sight  only. 
This  particular  central  reflex  path  has  never  been  developed,  or 
has  atrophied  from  disuse.  Nature  has  here  effected  for  the 
species  something  similar  to  what  is  accomplished  in  individual 
men  occasionally  by  disease,  in  the  production  of  certain 
aphasias. 

The  number  of  reflex  activities  habitual  to  an  animal  with 
a  nervous  system  as  simply  organized  as  the  bony  fish  is  proba- 
bly far  smaller  than  is  commonly  supposed,  and  these  activities 
are  in  general  characterized  by  but  little  complexity  of  organi- 
zation. It  is  probably  quite  within  the  range  of  possibility  to 
determine  by  observation  and  experiment  for  any  given  species 
of  fish  to  a  high  degree  of  accuracy  what  these  habitual  activi- 
ties are  and  to  work  out  by  histological  methods  the  reflex  arc 
within  the  nervous  system  for  each  of  them ;  and  since  the  hu- 
man nervous  system  is  built  up  on  the  same  general  plan  as  the 
piscine  nervous  system  it  follows  that  such  a  thorough  and  sys- 
tematic correlation  of  function  with  structure  would  be  profita- 
ble from  many  points  of  view. 

Terminal  buds  do  not  occur  in  the  outer  skin  of  all  fishes ; 
in  fact,  they  are  probably  lacking  here  in  the  greater  number 
of  species.  But  whenever  they  do  occur  they  tend  to  be  ar- 
ranged according  to  one  general  plan.  This  is  particularly  true 
of  their  nerve  supply,  for,  though  the  details  of  the  peripheral 
nerves  of  fishes  are  exceedingly  diverse,  yet  the  main  communis 
branches  for  terminal  buds,  when  such  occur,  are  substantially 
similar  from  the  Sibmdae  to  the  Gadidae.  There  are,  however, 
striking  resemblances  in  detail  between  the  siluroids  and  the 
cyprinoids  which  are  much  more  significant  of  dose  relation- 
ship. Both  groups  are  characterized  by  an  extreme  develop- 
ment of  the  system,  reaching  generally  over  the  whole  body 
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surface ;  in  both  cases  the  peripheral  communis  nerves  corre- 
spond to  the  general  teleostean  type,  though  with  a  remarka- 
ble modification  of  the  recurrent  branch  of  the  facialis  in  the 
case  of  the  cyprinoids ;  and  finally  the  communis  centers  in  the 
medulla  oblongata  differ  from  those  of  all  other  teleosts  in  that 
there  is  developed  a  facial  lobe  as  well  as  a  vagal  lobe  in  the 
primary  central  gustatory  center.  The  facial  lobe  (the  so-called 
lobus  trigemini  of  siluroids  and  the  **tuberculum  impar"  of 
cyprinoids)  in  both  cases  receives  by  way  of  the  communis  root 
of  the  facialis  the  nerve  fibers  from  all  of  the  terminal  buds  of 
the  outer  skin,  while  the  vagal  lobe  is  reserved  for  those  from 
the  mouth  and  viscera.  This  emphasizes  from  a  new  point  of 
view  the  close  relationship  between  these  two  groups  of  fishes, 
as  recognized  by  the  systematists  generally. 

Though  the  Ostariophysi  may  have  had  a  different  origin 
from  that  of  the  other  teleostean  orders,  yet  the  resemblances  in 
general  plan  of  the  terminal  bud  system  of  sense  organs  in  this 
group  and  in  the  other  orders  make  it  improbable  that  this  sys- 
tem has  arisen  independently  and  followed  a  parallel  develop- 
ment in  the  two  groups  of  fishes.  Its  phylogenetic  origin 
must  therefore  be  sought  among  the  ganoids,  and  until 
we  have  more  exact  information  concerning  the  nerve  compo- 
nents and  sense  organs  of  these  fishes  further  speculation  in 
this  direction  is  idle. 

This  study  has  been  directed  primarily  toward  the  solution 
of  a  simple  physiological  problem ;  but  in  a  purely  incidental 
way  some  points  of  interest  to  comparative  psychology  have 
come  up.  We  have  seen  that  in  the  cat  fish,  hake  and  tom 
cod  the  reflex  of  seizing  the  food  is  normally  set  off  by  a  com- 
bined stimulus  of  tactile  and  gustatory  end-organs.  At  first 
the  fish  may  react  similarly  to  a  pure  tactile  stimulus  and  the 
tactile  plus  the  gustatory.  After  a  brief  training,  however,  he 
acquires  the  ability  to  discriminate  between  the  former,  which  is 
never  followed  by  satisfaction,  and  the  latter,  which  is  followed 
by  the  pleasure  of  feeding.  Clearly  the  fish  learns  by  experi- 
ence. We  find  also  some  differences  between  the  different  spe- 
cies of  fishes  in  this  respect,    depending  on  the  relative  impor- 
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tance  of  the  tactile  and  gustatory  elements  of  the  sensation  coni' 
plex  in  the  normal  reflex  life  of  the  fish. 

It  would  be  interesting  to  inquire    the    part   played   by 
memory  in  these  reactions.      In  the  case  of  Ameiurus.  where 
the  tactile  and  gustatory  elements  of  the  reflex  of  seizing  food 
can  be  experimentally  isolated  by  training,  it  would  doubtless 
be  possible  to  measure  quantitatively  the  duration  of  the   per- 
sistence of  this  acquired  discrimination.     I  have  made  no  accu- 
rate observations  on  this  point,  but  can  say  in  general  that  the 
memory  of  these  fishes  seems  to  be  fairly  good.      (By  the  term 
memory  I  do  not  mean  to  prejudice  the  question  of  the  part 
played  by  consciousness  here.     The  original  reaction  may  be 
largely  or  wholly  an  unconscious  or  automatic  response  and  the 
'•memory'*  may  be  an  organic  memory  more  closely  allied  to 
habit.)     At  the  beginning  of  the  tests  with  cotton  the  cat  fishes 
generally  seized  the  cotton  just  as  they  did  the  meat.     At  the 
close  of  the  first  day's  experiments  they  had  learned  to  ignore 
the  cotton  as  a  rule,  and  half  an  hour  after  the  close  of  this  se- 
ries of  tests  they  still  would  pay  small  attention  to  the  cotton ; 
but  by  the  day  following,  if  tested  first  with  meat,  they  would 
take  the  cotton  for  a  few  times  or  would  react  to  it  slightly 
during  the  first  few  tests,  but  would  learn  to  let  it  alone  sooner 
than  on  the  first  day.     But  toward  the  close  of  the  experiments 
after  several  weeks  of  practice  I  rarely  got  any  reaction  at  all 
with  the  cotton  under  any  circumstances,  even  if  the  fishes  had 
not  been  tested  for  several  days.      With  the  gadoids  the  num- 
ber of  experiments  was  much  smaller  and  they  were  continued 
for  a  shorter  time,  but  I  never  got  so  good  evidence  of  memory 
of  the  discrimination.      On  successive  days  the  tests  were  much 
alike.     The  inability  of  the  tom  cod  to  remember  to  ignore  a 
tactile  contact  which  is  not  followed  by  satisfaction  so  long  as 
the  cat  fish  remembers  a  similar  discrimination  I  take  to  be  an 
indication  that  the  tactile  element  plays  a  much  larger  part  in 
the  reflex  complex  in  the  gadoids.       The  known  distribution  of 
the  terminal  buds  favors  this  view  also,  for  while  they   are  very 
abundant  on  the   barblets  and  body  of  the   cat  fish  they  are 
rather  sparse  on  the  free  fins  of  the  gadoids  and  the  general  cu- 
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tafieous  nerve  supply  on  the  fins  of  these  fishes  is  greatly  in  ex- 
cess of  the  communis  nerve  supply. 

I  noticed  also  that  all  of  the  fishes  that  ate*  freely  in 
captivity  soon  accustomed  themselves  to  novel  methods  of  feed- 
ing and  in  the  case  of  the  cat  fishes  and  the  hake  especially,  as 
soon  as  I  approached  their  tanks  after  the  experiments  had 
been  in  progress  some  time,  the  fishes  would  rise  to  the  top  of 
the  tank  and  eagerly  await  the  expected  food.  This  restless- 
ness became  so  great  with  the  cat  fish  that  the  experiments  be- 
came increasingly  more  difficult  and  there  was  evidence  that 
vision  and  possibly  smell  assumed  greater  importance  after  this 
expectation  of  food  had  made  its  appearance. 

Denison   University^ 
Dec.  75,  I  go  2. 
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ADDENDUM. 

During  the  winter  and  spring  of  1903  some  further  obser- 
vations have  been  made  with  the  purpose  of  answering  (among 
others)  the  question  raised  above,  whether  fishes  can  localize 
a  sensation  received  by  the  terminal  buds  alone  with  no  tactile 
accpmpaniment,  or,  in  other  words,  whether  gustatory  sensa- 
tions may  be  provided  with  a  local  sign  as  tactile  sensations  are. 
(This  question,  of  course,  does  not  necessarily  involve  the 
more  general  one  as  to  the  essential  nature  of  the  local  sign, 
whether  it  is  due  to  a  "specific  energy"  of  the  peripheral  nerve 
or  sense  organ  or  to  central  differentiation  in  the  terminal  nu- 
cleus.) 

Some  recent  clinical  observations  suggest  that  in  human 
beings  such  a  localization  of  gustatory  sensations  is  possible. 

Gushing  (^Johns  Hopkins  Hosp,  BulL,  XIV,  No.  144, 
1903,  p.  ^^)  reports  after  destruction  of  the  Gasserian  ganglion 
and  total  paralysis  of  general  sensation  on  the  anterior  part  of 
the  tongue,  that  the  gustatory  sensibility  remains  unimpaired 
and  that  in  this  case  the  gustatory  sensations  can  be  localized. 
It  is  not,  however,  absolutely  certain  that  it  is  the  gusta- 
tory fibers  which  effect  the  localization,  for  the  chorda  tympani, 
which  was  uninjured,  may  carry  also  a  certain  number  of  fibers 
for  general  sensation  from  the  facialis  root  in  addition  to  gusta- 
tory fibers,  as  Gushing  assumes  is  the  case  with  the  chorda 
from  some  of  his  results  and  from  those  of  Koster. 

My  own  observations  were  made  on  the  young  of  Ameiu- 
rus  from  five  to  eight  cm.  long,  received  from  the  state  fish 
hatchery  at  London,  O.,  in  October,  1902,  and  kept  under  ob- 
servation in  tanks  during  the  following  winter.  These  fishes 
prove  to  be  more  shy  and  less  teachable  than  the  smaller 
Ameiurus  fry  (about  three  cm.  long)  hatched  by  wild  parents 
upon  which  the  experiments  reported  in  the  preceding  pages 
were  made. 

I  have  verified  upon  these  fishes  most  of  the  observations 
made  on  the  smaller  fishes  last  year.  The  most  noticeable  dif- 
ference in  their  behavior  is  the  evidently  greater  visual  power 
in  these  fishes.     As  soon  as  they  began  to  feed  freely  in  the 
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presence  of  the  observer  (which  required  several  months  of 
training)  they  began  to  show  evidence  of  visual  recognition  of 
a  moving  bait,  if  very  near  them,  and  provided  they  had  just 
previously  been  fed  with  the  same  food  in  the  same  way. 
They  never  under  any  circumstances  notice  visually  a  still  bait 
and  their  recognition  of  a  moving  bait  is  at  best  very  imperfect 
and  only  an  occasional  occurrence. 

Upon  putting  a  concealed  bait  in  a  tank  with  the  fishes  I 
found  no  evidence  that  they  are  able  to  locate  it  by  the  sense 
of  smell  or  otherwise  from  a  distance,  provided  the  water  is 
still.  If,  however,  they  swim  near  enough  to  the  capsule  con- 
taining the  bait  (beef  liver,  cheese,  etc.)  to  pass  the  b^rblets 
into  the  strong  diffusion  currents  emanating  directly  from  the 
bait,  it  is  located  instantly.  The  reactions  here  are  essentially 
like  those  by  which  the  tom  cod  localizes  a  concealed  bait, 
though  I  have  not  completed  the  experiment  by  extirpation  of 
the  nose  to  determine  what  part,  if  any,  is  played  by  the  sense 
of  smell.  So  far  as  my  experiments  have  gone,  these  fishes 
will  not  locate  a  concealed  bait  in  still  water  until  they  pass 
within  5  cm.  of  it. 

In  running  water,  however,  the  case  is  quite  different.  I 
constructed  a  long,  narrow  tank,  so  arranged  that  a  slow  stream 
of  water  can  pass  through  it  from  end  to  end.  By  covering 
the  lower  end  of  the  tank  and  illuminating  moderately  the  up- 
per end,  it  can  be  so  arranged  that  the  negative  phototaxis  will 
counteract  any  positive  rheotaxis  and  the  fishes  will  remain  in 
the  lower  end  of  the  tank.  If  now  liver  or  other  strong  bait  is 
placed  above  them,  the  fishes  will  promptly  swim  up  the  cur- 
rent and  locate  the  meat. 

The  experiments  seem  to  indicate  that  concealed  food  can- 
not be  located  by  these  fishes  from  a  distance  in  quiet  water 
(cf.  Nagel,  '94);  but  that  if  the  fish  passes  within  a  few  centi- 
meters of  it  the  diffused  juices  are  recognized  and  the  food  lo- 
cated promptly.  In  running  water,  however,  the  fish  will  fol- 
low the  diffused  juices  up  the  stream  for  considerable  distances 
and  so  find  the  food — a  fact  well  known  to  every  fisherman. 
Tactile  sensations  are  clearly  not  involved ;   it  lies  between  the 
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senses  of  smell  and  taste,  and  I  have  not  as  yet  gone  far  enough 
with  this  series  of  experiments  to  decide  finally  the  part  played 
by  smell. 

I  have,  however,  tested  the  sensitiveness  of  the  barblets  to 
diffused  savors  more  fully.  Raw  meat  or  beef  liver  was  minced, 
extracted  in  a  little  water  and  strained.  A  wisp  of  cotton  was 
wound  on  the  end  of  a  slender  wire,  dipped  in  the  meat  juice 
and  gently  lowered  so  as  to  lie  a  few  millimeters  from  the  tip  of 
a  barblet  of  a  cat  fish  which  was  otherwise  entirely  concealed 
under  a  large  leaf.  The  fish  was  unable  to  see  the  cotton  and 
actual  contact  with  the  barblet  was  carefully  avoided.  Within 
a  few  seconds  the  fish  becomes  conscious  of  the  savor  and  turns 
toward  the  cotton.  Again,  I  filled  a  glass  tube  of  about  3  mm. 
bore  with  meat  juice,  closed  the  upper  end  with  the  finger  and 
carefully  lowered  the  open  end  down  over  a  projecting  barblet, 
as  in  the  previous  case.  The  specific  gravity  of  the  meat  juice 
is  slightly  greater  than  that  of  the  water  and  from  the  lower 
end  of  the  tube  (the  upper  end  being  kept  closed)  the  juice  slowly 
diffuses  downward  enveloping  the  tip  of  the  barblet,  without, 
however,  any  noticeable  current  being  produced  in  the  water. 
The  fish  locates  the  stimulus  and  turns  towards  the  source  of  it. 
In  other  cases  I  colored  the  juice  with  a  little  blood,  so  that 
the  course  of  the  diffusion  currents  could  be  observed,  and  it  is 
evident  that  the  reaction  follows  the  stimulus  of  the  barblet  ovXy^ 
and  not  the  organ  of  smell,  for  the  movement  is  made  before 
the  diffusion  currents  have  had  time  to  reach  the  nostril. 

These  reactions  are  not  as  prompt  or  precise  as  those  given 
after  contact  with  a  sapid  substance  where  a  tactile  sensation  ac- 
companies the  gustatory,  and  in  a  large  percentage  of  the  cases 
there  is  no  definite  reaction  toward  the  point  stimulated  but 
merely  the  more  vague  •* seeking  reaction**  to  which  reference 
has  been  made  above.  Nevertheless  they  indicate  on  the 
whole  that  pure  gustatory  stimuli,  if  very  strong  and  applied  to 
a  small  area  of  the  percipient  organ,  can  be  localized  in  space,  or 
have  a  ''local  sign.** 

May  JO,  1903, 
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Intrvduciion, 

Some  time  was  spent  during  the  month  of  August,  1901, 
in  a  field  examination  of  the  Virgilina  copper  district,  and  the 
specimens  of  the  rocks  and  ores  collected  were  subsequently 
studied  irf  the  laboratory.  Study  was  principally  confined, 
both  in  th  t  field  and  laboratory,  to  the  rocks  of  the  area,  to 
determine  their  nature  and  origin.  The  ores  were  given  only 
secondary  consideration. 


*  The  author  is  under  special  obligations  to  Professor  J.  Morgan  Clements* 
of  the  University  of  Wisconsin,  for  kindly  reading  and  criticising  this  paper  in 
manuscript,  and  he  is  indebted  to  Mr.  W.  H.  Pannebaker,  of  Virgilina,  for  the 
photographs  illustrating  it. 

Reprinted  from  Bullttin  Qtological  Satiety  of  America,  Vol.  XIII,  pp. 
353-376.  1902. 
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The  rocks  have  been  designated  slates  by  the  earlier  work- 
ers, which,  according  to  present  usage,  would  imply  a  meta- 
morphosed sediment.  In  many  instances  the  characteristic 
field  appearance  of  the  rocks  is  that  of  slate  or  schist,  but  in 
their  altered  phases  they  are  shown,  by  structural,  chemical, 
and  petrographic  evidence,  to  be  igneous  in  origin.  Their  sub- 
sequent alteration  developed  a  schistose  structure  and  an  abund- 
ance of  chlorite,  epidote.  and  a  limited  quantity  of  hornblende. 
These  impart  to  the  rock  its  uniform  green  color  and  give  the 
popular  name  "greenstone.'* 

Recent  workers  are  agreed  as  to  the  igneous  origin  of  these 
rocks,  and  in  a  recent  paper  discussing  the  type  of  metalliferous 
deposits  of  the  area  Weed*  has  correctly  named  the  rocks. 

Scattered  areas  of  ancient  volcanic  acid  and  basic  rocks  are 
described  by  Williams*  and  Nitze^  immediately  to  the  southwest 
of  the  Virgilina  district.  The  rock  areas  are  found  in  Orange, 
Chatham,  Montgomery,  Randolph,  and  Stanly  counties.  North 
Carolina.  Nitze  describes  the  basic  rocks  as  being  dark  green 
in  color,  partly  massive  and  partly  schistose  in  structure,  and 
perhaps  pyroxenic  and  at  times  propylitic  in  mineral  composi- 
tion. I  have  not  visited  these  areas,  but  the  descriptions  of  the 
basic  rocks  denote  similarity  to  the  Virgilina  greenstones. 

This  paper  discusses  the  evidence  for  regarding  the  Virgi- 
lina area  as  one  of  greatly  altered  pre-Cambrian  volcanic  rocks, 
closely  allied  to  similar  areas  of  ancient  volcanics  distributed 
along  the  Atlantic  coast  from  eastern  Canada  to  Georgia,  and 
certain  altered  basic  rocks  in  the  Lake  Superior  region.  The 
time  which  the  writer  was  able  to  give  to  this  investigation  was 
insufficient  to  map  and  define  the  exact  limits  of  the  area. 

Previous    Work. 

The  rocks  of  this  immediate  area  have  hitherto  received 
but  little  attention.     No  detailed  work  with  respect  to  the  dif- 


•  Trans.  Amer.  Inst.  Min.  Engrs.,Vol.  XXX,  p.  453  et  seq. 

•  Journal  of  Geology,  1894,  Vol.  II,  pp.  1-31, 

•  Bulletin  No.  3,  N.  C.  Gcol.  Survey,  1896,  pp.  37-43  ;   Bulletin   No.   10 
ibid,  1897,  pp.  15.  16 
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ferentiation  and  classification  of  the  rocks  of  the  Virgilina  dis- 
trict has  yet  been  undertaken.  Brief  references  of  a  general 
character  dating  as  far  back  as  the  Emmons  Survey  (1856)  are 
found  in  numerous  reports  on  economic  subjects  issued  by  the 
North  Carolina  Geological  Survey.  Such  references  as  bear 
directly  on  the  area  in  question  are  here  reviewed : 

After  describing  the  Gillis  copper  mine  in  Person  county, 
North  Gtrolina,  the  earliest  discovered  one  in  the  belt.  Doctor 
Emmons^  refers  to  the  rock  as  follows :  * '  The  rock  immedi- 
ately investing  the  mine  is  the  altered  slate  belonging  to  the 
Taconic  system."  Emmons  first  thought  the  rock  was  talcose, 
but  later  regarded  it  as  argillaceous. 

Professor  Kerr^  makes  no  special  mention  of  this  individual 
area  in  his  report  on  the  geology  of  North  Carolina,  but  in  de- 
fining the  "Huronian"  rocks  of  the  state  he  groups  the  area  as 
the  northernmost  limit  of  a  belt  of  Huronian  rocks  traversing 
the  state  in  a  northeast-southwest  direction.  Speaking 
in  a  general  way  of  the  rocks  composing  the  Huronian  belt, 
Kerr  mentions  the  following  types:  "Quartzite,  clay  slates, 
gpt^yf  light-colored  and  drab  and  greenish.''  "At  some  points 
the  quartzites  are  argillaceous,  and  at  others  a  few  miles  west 
of  Smithfield  it  approaches  a  fine  conglomerate.  The  clay 
slates  are  occasionally  slightly  hydro-micaceous.'*  He  mentions 
dikes  of  diabase  and  dolerite  as  being  common  over  parts  of 
Granville  county.  Professor  Kerr  refers  the  rocks  of  certain 
parts  of  Granville  and  Person  counties  to  the  lower  Laurentian. 
He  mentions  the  "characteristic  and  prevalent  rocks  as  being 
syenite,  dolerite,  greenstone,  amphibolite,  granite,  porphyry 
and  trachite." 

In  a  geological  map  of  North  Carolina,  accompanying  a 
report  by  Kerr  and  Hanna  in  1887,  the  Person-Granville  county 
area  is  grouped  as  the  northernmost  part  of  the  Huronian.'  A 
section  given  at  the  bottom  of  the  map,  extending  from  the 


1  Geology  of  the  Midland  Counties  of  North  Carolina,  1856,  p.  344. 
*  Geology  of  North  Carolina,  1875  ;  Vol.  I,  pp.  123,  124,  and  131. 
'  Map  accompanying  *<  Ores  of  North  Carolina,"  1898. 
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Tennessee  line  to  Newberne,   North  Carolina,  designates  the 
rocks  of  the  copper  belt  area  as  "Huronian  slates.*' 

Mr.  Hanna^  describes  the  copper  belt  in  Person  and  Gran- 
ville counties  in  detail  from  the  standpoint  of  economic  miner- 
alogy. He  designates  the  rocks  as  schists  and  slates,  and  re- 
gards them  as  decidedly  chloritic  rather  than  argillaceous,  as 
described  by  Emmons.  Hanna  gives  the  following  quotation 
from  a  report  by  Dr.  Jackson. 

**The  strata  are  occasionally  disrupted  by  dikes;  about  half  a 
mile  from  the  Gillis,  and  dipping  eastward  to  it,  is  a  dike  bearing  N. 
20  £.,  containing  abundant  sprigs  and  grains  of  disseminated  native 
copper.  Epidote  occurs  both  in  the  trap  rock  and  in  the  quartz,  and 
in  the  slate  strata  near  the  dike,  which  seems  to  indicate  that  the  trap- 
pean  rock  is  of  the  same  geological  age  as  the  quartz  veins." 

Mr.  Lewis^  describes  areas  of  medium  fine  and  compact 
grain  biotite  granites,  occurring  immediately  to  the  east  of  the 
copper  belt  proper,  in  Granville  and  adjoining  eastern  counties. 

In  his  description  of  the  iron  ore  deposits  in  the  north- 
western part  of  Granville  county,  Mr.  Nitze^  makes  the  follow- 
ing reference  to  the  rocks:  "Geologically  they  [iron  ores] 
occur  in  the  crystalline  slates  and  schists,  .  .  .  lying 
conformably  between  slate  walls.  ..."  He  further 
mentions  small  crystals  of  magnetite  occurring  in  gray  micace- 
ous schist  coated  with  malachite. 

Nitze  and  Hanna^  mention  in  *'Gold  Deposits  of  North 
Carolina"  the  principal  copper  mines  in  the  copper  belt,  giving 
assays  of  the  ores  and  describing  in  some  detail  the  topography 
and  general  geologic  features.  They  designate  the  rock  as 
schist. 

Pages  37  to  43  of  the  same  report  describe  the  occurrence 
of  ancient  acid  volcanics  found  in  the  same  belt,  but  directly  south- 


>  Ores  of  North  Carolina,  1888,  p.  215. 

'  Notes  on  Building  and  Ornamental  Stones,  First  Biennial  Report,  N.  C. 
Geol.  Survey.  1893,  P-  75« 

*  Iron  Ores  of  North  Carolina,  N.  C.  Geol.  Survey,  Bulletin  No.  i,  1893* 
p.  47;  Engineering  and  Mining  Journal,  1892,  Vol.  53,  p.  447. 

*  Gold  Deposits  of  North  Carolina,  N.  C.  Geol.  Survey,  Bulletin  No.  3, 
1896,  p.  52. 
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west  of  the  Virgilina  area.  The  scattered  areas  lie  principally 
in  Chatham  and  Orange  counties,  within  short  distances  of  Ra- 
leigh and  Chapel  Hill.  The  close  resemblance  of  certain  ones 
in  structure  and  composition  to  the  rhyolites  of  South  Moun- 
tain in  Pennsylvania  is  noted.  The  localities  were  visited  by 
Professor  George  H.  Williams,  in  company  with  Professor  J. 
A.  Holmes,  in  the  summer  of  1893,  and  afterward  discussed  in 
the  Journal  of  Geology  for  1894  by  Williams.*  They  are  re- 
ferred to  as  pre-Cambrian  in  age,  and  are  suggested  as  proba- 
bly being  contemporaneous  with  the  somewhat  analogous  rocks 
of  the  South  mountain,  in  Maryland  and  Pennsylvania. 

In  describing  the  Carolina  Gold  Belt  area,  situated  in  the 
central  Piedmont  region  and  crossing  the  central  part  of  the 
state  in  a  southwesterly  direction,  Nitze  and  Wilkens^  again  re- 
fer to  the  kinds  and  distribution  of  the  ancient  volcanic  rocks. 
Their  description  follows : ' 

"The  volcanic  rocks  occupy  irregular  patches  along  the  eastern 
border  of  the  belt,  in  close  proximity  to  the  western  edges  of  the  Jura- 
Trias  basins.  They  comprise  both  acid  and  basic  types.  The  acid 
rocks  are  generally  devitrified  to  such  an  extent  that  their  real  charac- 
ter is  no  longer  recognizable  to  the  naked  eye,  and  they  appear  as  or- 
dinary cherts  or  hornstones,  although  flow  structure  is  at  times  still 
discernible.  Microscopic  examination  shows  them  to  belong  to  the 
class  of  rhyolites  and  quartz  porphyries.  They  are  sometimes  sheared 
into  schists,  as  for  instance  at  the  Haile  mine.  South  Carolina.  The 
basic  types  are  dark  green  in  color  and  perhaps  pyroxenic  in  composi- 
tion; they  are  sometimes  massive  porphyrites,  but  more  generally 
sheared  into  schists.  The  pyroclastic  breccias  consist  of  angular  frag- 
ments of  the  acid  rhyolites  and  porphyries  in  a  basic  matrix.  The  age 
of  these  ancient  volcanics  is  believed  to  be  pre-Cambrian.  They  seem 
to  be  analogous  to,  and  probably  contemporaneous  with,  similar  rocks 
of  the  South  mountain  in  Maryland  and  Pennsylvania,  and  other 
points  along  the  Adantic  coast." 

Professor  George  H.  Williams^  published  in  1894  a  very 
important  paper  on  the  distribution  of  the  ancient  volcanic 
rocks  along  the  Atlantic  Coast  region.     Attention  is  directed 


*  Journal  of  Geology,  1894,  Vol.  II,  pp.  1-3 1. 

»  Gold  Mininfj  in  North  Carolina,  et  cetera,  N.  C.  Geol.  Survey,  Bulletin 
No.  10,  1897,  pp.  15,  16. 
»  Ibid.,  p.  16. 

*  Journal  of  Geology,  1894,  V®^-  ^^t  PP    i-3>' 
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in  the  paper  to  the  area  immediately  southwest  of  the  Virgilina 
district,  in  which  occur  both  acid  and  basic  eruptives,  mostly 
acid,  of  pre-Cambrian  age. 

Mr.  W.  H.  Weed*  recently  published  a  valuable  paper 
treating  in  some  detail  the  type  of  ore  deposits  in  this  belt  and 
the  important  economic  features.  He  refers  to  the  rocks  of 
the  district  as  follows : 

'*The  country-rock  is  schist,  in  a  few  places  massive  enough  to  be 
called  gneiss.  .  .  .  The  rocks  are  all  of  igneous  origin — even  the 
softest  and  most  shaly  show  this  character  in  thin  sections  under  the 
microscope.  But  in  a  few  instances  only  is  the  igneous  nature  of  the 
schists  recognizable  to  the  eye.  This  was  observed  at  the  Thomas 
mine,  where  a  purplish  rock  is  clearly  a  porphyritic  meta-andesite. 
These  schists  are  cut  by  dikes  of  later  igneous  rock  (diabase).  The 
only  one  seen  by  the  writer  was  that  exposed  in  the  Blue  Wing  mine. 
.  .  .  Apart  from  the  dykes,  however,  I  would  say,  on  the 
strength  of  field-observations  alone,  that  the  rocks  are  of  igneous  origin, 
and  belong  to  <he  various  porphyries  which  have  been  discovered  in 
the  Appalachian  belt  This  conclusion  is  confirmed  by  the  micro- 
scopic examination  of  thin  sections,  which  has  shown  the  rocks  to  be 
altered  andesites,  that  is  meta-andesites  and  andesite  tuffs." 

General  Field  Characters  and  Occurrence, 

As  seen  from  the  accompanying  map,  the  area  is  located 
near  the  eastern  border  of  the  Piedmont  plain,  in  Halifax 
county,  Virginia,  and  Person  and  Granville  counties,  in  North 
Carolina,  47  miles  ea^t  of  Danville.  The  belt  occupies  a  low, 
flat-topped,  though  somewhat  conspicuous,  ridge,  which  trends 
a  few  degrees  west  of  south  and  slopes  very  gradually  to  the 
east  and  west.  It  will  average  100  to  200  feet  in  elevation 
above  the  neighboring  stream  valleys.  The  cross-drainages 
are  all  small,  but  the  ridge  is  flanked  by  several  large  ones  on 
the  west  and  northwest  sides.  The  ridge  is  traced  northward 
to  the  Dan  River  valley,  in  Virginia,  some  10  miles  north  of 
the  state  line.  In  North  Carolina  its  southward  extension  is 
estimated  by  Hanna^  to  be  about  30  miles,  reaching  nearly  to 
Durham.     Prospecting  is  confined,  however,   to   an    approxi- 


*  Types  of  Copper  Deposits  in  the  Southern  United  States,  Trans.  Amer. 
Inst.  Min.  Engrs.,  1901,  Vol.  XXX,  pp.  453,  454. 

*  Ores  of  North  Carolina,  Raleigh,  1888,  p.  215. 
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mate  north-south  distance  of  18  miles  along  the  ridge  and  to  an 
average  cross -distance  of  from  2  to  3  miles.  Although  of  no 
conspicuous  height,  the  ridge  forms  a  somewhat  prominent 
feature  in  the  landscape. 


Figure  i. —  Virgilina  Copper  District,  Virginia  and  North  Carolina, 
Copper  district  indicated  by  shaded  area. 

Natural  outcrops  of  the  rock  are  by  no  means  common 
and  are  seldom  more  than  3  feet  high,  forming  sharp  and  nar- 
row spurs  or  reefs,  which  persist  for  only  short  distances.  The 
numerous  shafts  sunk  over  the  greater  part  of  the  belt  to  depths 
of  40  to  500  feet  afford  excellent  opportunity  for  exceptional 
collections  of  the  rocks  and  ores. 
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The  covering  of  loose,  decayed  surface  rock  and  soil  is 
very  thin,  and  the  moderately  fresh  and  firm  rock  is  encoun- 
tered at  slight  depths  beneath  the  surface. 

At  the  mine  openings  some  alteration  in  the  vein  constitu- 
ents is  indicated  to  the  entire  depth  of  the  workings,  400  to 
SCO  feet.  This  is  shown  in  the  case  of  the  sulphide  ores,  which 
in  several  places  are  slightly  changed  by  the  percolating  car- 
bonated waters  to  the  green  copper  carbonate  (malachite)  found 
slightly  staining  the  vein  material  and  the  unaltered  ores.  The 
rocks  taken  at  these  depths  are  of  the  same  characteristic  green 
color,  and  the  thin-sections  indicate  the  same  amounts  of 
chlorite  and  epidote  as  those  from  the  shallow  depths.  As 
developed,  both  macroscopically  and  microscopically,  the 
rocks  collected  at  the  various  depths  are  indistinguishable. 
This  is  also  shown  in  the  dumps  at  the  mine  openings. 

The  microscope  reveals,  as  elsewhere  shown,  the  igneous 
origin  of  the  rocks ;  but,  with  few  exceptions,  the  rocks  do  not 
entirely  indicate  their  true  igneous  nature  in  the  field.  They 
are  prevailingly  finely  laminated  and  schistose  in  structure,  hav- 
ing the  general  characteristic  features  of  a  soft,  green  to  purple 
colored  schist.  A  number  of  sections  showed  the  prevailing 
strike  of  the  schistosity  to  be  north  10  to  20  degrees  east  and 
an  eastward  dip  of  70  to  80  degrees. 

The  change  in  these  rocks  is  clearly  the  result  primarily  of 
the  processes  of  metamorphism  active  while  the  rocks  were 
deeply  buried.  At  a  subsequent  date,  when  the  rocks  were 
brought  near  the  surface,  they  were  further  changed  by  weath- 
ering. The  mineral  products  resulting  from  the  alteration  are 
strongly  in  evidence.  Epidotization  and  chloritization  are  mani- 
fested on  a  considerable  scale. 

The  greenstones  are  cut  in  several  places  by  diabase  dikes 
of  later  geological  age.  One  of  these  dikes,  1 2  feet  wide,  is 
exposed  in  the  Blue  Wing  mine  at  the  100-foot  level,  where  it 
is  observed  to  cut  across  the  schistosity  of  the  rocks.  These 
dikes  are  described  in  the  reports  of  the  North  Carolina  Survey 
as  being  quite  numerous  in  parts  of  Granville  and  Person  coun- 
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tics.      Faulted   and   slickensided   surfaces   are   in   evidence  at 
sonae  of  the  mine  openings. 

The  rocks  are  further  cut  by  numerous  irregular  quartz 
veins,  which  contain  the  workable  copper  ores.  The  veins  are 
traced  for  a  mile  or  more  in  length  on  the  surface,  and  in  most 
cases  they  are  more  or  less  parallel,  partially  overlapping  at  the 
ends,  and  trending  north  5  to  10  degrees  east.  They  are 
grouped  by  Weed^^as  true  fissure  veins,  lenticular  in  shape, 
though  connecting,  crossing  at  times  the  schistosity  of  the 
rocks  and  at  others  parallel  to  it.  The  surface  over  most  of  the 
district  is  much  littered  with  white  quartz  fragments  derived 
from  the  disintegration  of  the  veins. 

Petrography. 
Macroscopic  Descriptions, 

A  pronounced  schistose  structure  prevails,  and  only  in  a 
few  places  do  the  rocks  appear  like  massive  eruptives  in  the 
field.'  The  degree  of  schistosity  varies  from  the  thin  banding 
of  a  gneiss  to  the  typical  foliation  of  micaceous  schists.  The 
very  finely  banded  structure  is  more  characteristic  of  the  purple- 
colored  rocks.  The  rocks  vary  in  color  from  some  shade  of 
medium  to  dark  green  (the  prevailing  color)  to  a  slate  purple. 

The  rocks  are  aphanitic  in  texture,  displaying  at  times  a 
distinct  porphyritic  structure  in  the  massive  phases,  which  be- 
comes more  apparent  under  the  microscope.  The  massive 
phases  of  the  rock  are  indicated  at  several  places  within  a  few 
miles  to  the  north  and  south  of  the  town  of  Virgilina.  With 
one  exception,  this  type  is  prevailingly  dark  in  color,  showing 
on  close  examination  a  mingling  of  green  and  purplish  shades, 
with  the  greenish  tint  so  predominant  that  the  rock  appears 
dark  green  on  first  glance.  Both  the  characteristic  chlorite  and 
epidote  shades  of  green  are  contrasted  at  times  in  the  same 
specimen.  On  a  freshly  broken  surface  the  fracture  is  con- 
choidal  to  subconchoidal,  with  a  more  or  less  waxy  luster. 

Approximately  half  a  mile  south  of  Virgilina  a  shallow 


>  Trans.  Amer.  Inst.  Min.  Engrs.,  1901,  vol.  xzx,  p.  452. 
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opening  (Cornfield)  is  made,  showing  the  massive  rock  in  its 
least  altered  condition  (analysis  I).  The  rock  is  porphyritic  in 
structure  and  the  color  is  a  medium  dark-purplish  shade,  which 
contrasts  with  the  surrounding  more  altered  green  schistose 
rock. 

Epidote  of  the  usual  pistachio-green  color  enters  largely  in 
places  into  the  composition  of  the  rocks,  and  it  is  mixed  locally 
in  considerable  proportion  with  white  quartz  as  a  vein  mineral. 
The  schistose  greenstone  is  easily  scratched  with  the  knife,  and 
suggests  approximately  the  same  degree  of  hardness  as  that  of 
ordinary  clay  slate. 

At  the  Copper  World  mine,  6^  miles  south  of  Virgilina, 
in  the  Carolina  portion  of  the  belt,  a  partially  loose-textured, 
fine-grained,  purple  rock  is  mixed  with  the  surrounding  green 
schists.  The  material  bears  every  resemblance  to  a  tuff,*  and 
is  streaked  in  places  by  the  characteristic  actinolite  shade  of 
green  due  to  alteration,  and  contains  inclosures  of  a  dark- 
colored  massive  material,  usually  of  small  but  varying  dimen- 
sions and  partially  rounded  in  outline.  The  fragmental  or 
clastic  nature  of  the  mass  is  plainly  visible.  The  microscope 
confirms  the  clastic  nature  of  this  rock  and  shows  that  it  is  com- 
posed of  fragments  of  igneous  rocks  of  the  same  character  and 
composition  as  the  igneous  rocks  of  the  district.  Micro- 
scopic study  also  indicates  the  presence  of  similar  clastic  ma- 
terial at  a  number  of  other  points  in  the  district. 

No  trace  of  the  amygdaloidal  structure,  so  characteristic  of 
the  South  Mountain  and  Lake  Superior  basic  greenstone  areas, 
has  been  observed  in  the  Virgilina  rock. 

Microscopy  of  tlie  Rocks, 

The  rocks  vary  in  texture  from  dense  aphanitic  to  medium 
fine-grained,  with  the  porphyritic  structure  shown  usually  in  the 
massive  types.  The  original  minerals  are  entirely  altered  to 
secondary  minerals  in  many  of  the  sections,  but,  with  few  ex- 
ceptions, some  trace  of  the  original  outline  of  the  feldspar  con- 


»  See  Weed,  W.  H.,  op.  cit. 
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stituent  is  shown  and  more  or  less  of  the  original  rock  texture 
preserved.  While  this  is  true  for  the  feldspar  constituent,  the 
original  bisilicate  constituent  is  completely  altered  in  every  slide 
studied,  without  any  indication  as  to  what  the  mineral  origin- 
ally was.  Considering  the  age  and  composition  of  the  rocks, 
it  seems  remarkable  that  any  of  the  original  minerals  or  struc- 
tures should  be  preserved  at  present.  When  shown,  the  tex- 
ture varies  from  a  partial  microophitic  to  microlitic  in  the  non- 
phorphyritic  types,  with  the  same  variation  and  composition  of 
the  groundmass  in  the  porphyritic  rocks  denoted. 

The  constituents  present  are  plagioclase,  bluish  to  light 
green  amphibole,  chlorite,  epidote,  zoisite,  calcite,  irpn  oxide 
(partly  magnetite),  quartz,  and  apatite.  Of  these  only  the  feld- 
spar, a  part  of  the  iron  oxide  (magnetite),  and  apatite  are  orig- 
inal. Both  chlorite  and  epidote,  intimately  associated  with 
more  or  less  hornblende,  are  abundantly  developed  in  most  of 
the  sections,  sometimes  one,  sometimes  the  other  predomina- 
ting ;  but  the  two  are  at  all  times  intimately  connected. 

In  the  porphyritic  and  non-porphyritic  types  the  feldspar 
is  present  as  lath-shaped  crystals,  showing  the  broad  twinning 
lamellae  of  the  albite  type.  Twinning  after  the  Carlsbad  law 
was  observed  in  several  instances.  In  the  ground  mass  of  the 
porphyritic  rocks  and  in  the  fine-textured  non-phophyritic  types 
the  feldspars  are  microlitic,  with  the  boundaries  less  sharp  and 
well  defined  than  for  the  lath-shaped  feldspars,  and  the  twin- 
ning is  not  at  all  or  only  slightly  indicated.  Sometimes  the 
feldspar  grouping  is  suggestive  of  the  sheaf-like  arrangement 
described  by  Clements^  in  similar  volcanic  rocks  of  the  Hemlock 
formation  of  Lake  Superior.  Poikilitic  texture  is  well  devel- 
oped in  many  of  the  larger  feldspar  laths. 

Feldspar  is  the  only  porphyritically  developed  mineral,  and 
it  consists  of  fairly  large,  stout  laths  of  broadly  striated  plagio- 
clase,  with  maximum  extinction  angles  measured  on  the  twin- 
ning planes  of  14  to  20  degrees,  which  would  apparently  indi- 
cate an  acid  plagioclase,  probably  near  oligoclase. 


>  Monograph  No.  xxxvi,  U.  S.  Geol.  Survey,  1899,  p.  99. 
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The  feldspars  of  both  the  groundmass  and  phenocrysts  are 
frequently  fractured  and  mashed,  showing  the  effects  of  pres- 
sure, which  is  seen  to  best  advantage  in  the  schistose  rocks. 

Not  a  trace  of  original  hornblende  was  positively  identified 
in  any  of  the  sections.  Amphibole  is  fairly  abundant  in  most 
of  the  slides  as  a  secondary  product,  and  as  such  is  usually 
light  green  to  slight  bluish  green  in  color  and  as  fibrous  and 
frayed  out  masses.  A  more  common  occurrence,  perhaps,  is 
as  a  lelt  of  actinolite  needles  admixed  with  the  other  constitu- 
ents, particularly  chlorite,  epidote,  and  iron  oxide.  The  nee- 
dles are  very  long  and  slender  and  are  frequently  much  curved 
and  bent.  The  pleochroism  of  the  actinolite  is  usually  quite 
strong. 

No  trace  of  either  augite  or  olivine  was  indicated  in  any  of 
the  slides.  On  account  of  the  greatly  altered  condition  of  the 
rocks,  it  would  not  be  safe  to  state  that  they  were  not  present 
as  original  constituents. 

Chlorite  is  a  constant  and  abundant  constituent  of  the 
rocks,  but  is  variable  in  amount,  and  presents  the  usual  occur- 
rence for  such  rocks.  A  striking  feature  is  the  intimately  asso- 
ciated grains  and  plates  of  epidote  distributed  through  the  chlo- 
ritic  mass  in  a  manner  to  indicate  the  simultaneous  develop- 
ment of  the  two  minerals,  a  characteristic  occurrence  in  some 
of  the  Lake  Superior  greenstones  described  by  Williams.^ 
Clements^  has  shown  that  in  some  of  the  basic  vocanics  of  the 
Hemlock  formation  the  great  abundance  of  chlorite  in  some 
sections  is  more  than  could  result  from  the  alteration  of  that 
amount  of  the  original  bisilicate  present,  and  points  out  that  it 
is  derived  in  part  from  the  altered  glassy  base.  This  explana- 
tion is  likely  applicable  to  some  of  the  sections  of  the  Virgilina 
rocks,  since  the  amount  of  chlorite  is  in  excess  of  the  original 
bisilicate,  and  is  probably  a  derived  product  in  part  from  an 
altered  glassy  base. 

Epidote  in  the  form  of  small  and  large  irregular  grains  and 


*  Bulletin  No.  62,  U.  S.  Geol.  Survey,  1890,  p.  56  et  seq. 
»  Monograph  No.  XXXVI,  U.  S.  Geol.  Survey,  1899,  p.  loi. 
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plates  is  abundantly  present,  closely  associated  with  chlorite 
and  ambiphole.  It  varies  in  color  from  deep  yellow  to  nearly 
colorless  grains,  with  high  single  and  double  refraction,  and 
showing  strong  pleochroism  in  the  colored  individuals.  The 
somewhat  idiomorphic  plates  show  the  M(ooi)  and  T(ioo) 
<:leavages  in  their  usual  development. 

Zoisite,  when  identified,  was  closely  intergrown  with  the 
epidote,  forming  an  epidote-zoisite  aggregate,  the  individuals  of 
which  are  differentiated  by  their  contrasted  double  refraction. 

Iron  oxide  is  extremely  abundant  in  portions  of  some  of 
the  sections,  and  to  some  degree  in  all.  It  is  not  all  magnetite, 
as  indicated  by  the  red  color  of  much  of  it.  It  is  separated 
from  the  other  constituents  of  the  powdered  rock  by  means  of 
the  magnet.  It  occurs  as  minute  grains  and  crystals,  and  is  in 
part  primary  and  in  part  secondary.  It  is  so  abundant  in  some 
sections  as  to  entirely  mask  some  of  the  other  more  important 
<:onstituents.  Its  secondary  nature  is  frequently  shown  in  its 
peripheral  position  surrounding  the  iron-bearing  constituent 
from  which  it  was  derived. 

The  remaining  minerals  occurring  in  the  rocks  present  no 
noteworthy  features. 

In  the  thin-sections  of  the  purple-colored  slaty  rocks  of  the 
Copper  World,  Durgy,  and  Yancey  mines  and  the  '*Slate 
Vein,"  in  the  Carolina  portion  of  the  belt,  and  probably  the 
fissile  greenstone  from  the  Halifax  Copper  mine,  in  Virginia, 
there  is  strong  evidence  for  regarding  the  rocks  as  clastic  vol- 
canics.  The  evidence  is  less  plain  in  some  sections  than  in 
others,  on  account  of  the  extreme  alteration  having  destroyed 
nearly  all  trace  of  the  rock  structure.  When  the  texture  is  not 
-entirely  destroyed  the  microscope  shows  a  clastic  composed  of 
igneous  fragments  similar  in  all  respects  to  the  true  igneous 
rocks  of  the  district.^ 


*  Through  the  kindness  of  Professor  J.  Morgan  Clements,  of  the  University 
of  Wisconsin,  I  have  been  able  to  examine  and  compare  the  slides  of  the  simi- 
lar volcanic  rocks  of  the  Lake  Superior  region,  and  the  similarity,  as  remarked 
by  Professor  ClemenU,  is  strikingly  close  to  the  rocks  of  the  Virgilina  district. 

Professor  Clements  very  kindly  examined  the  thin-sections  of  the  Virginia- 
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The  microscopic  study  entirely  fails  to  indicate  what  the 
original  characterizing  bisilicate  component  was  in  these  rocks 
— ^whether  augite  or  hornblende,  or  both,  with  possible  biotite 
and  olivine.  We  are  in  doubt,  therefore,  as  to  whether  the 
rocks  were  originally  augite  or  hornblende  andesites. 

Chemical  Analyses, 
Six  analyses  of  the  Virgilina  greenstones,  four  complete 
(analyses  I-V,  inclusive)  and  two  partial  (VI  and  VII),  were 
made  by  the  writer  in  the  chernical  laboratory  of  Denison 
University.^  These  are  'compared  with  analyses  of  so-called 
greenstones  (Catoctin  schist)  of  the  Catoctin  belt  of  northern 
Virginia  (analysis  VIII)  and  with  those  of  the  well  known 
Marquette  and  Negaunee  districts  of  Michigan  (analyses  XIII 
and  XIV.  Also  analyses  I  and  II,  representing  the  freshest 
material,  are  compared  with  analyses  of  andesites  from  Colorado 
,  (analyses  IX  and  XII)  and  Maine  (analysis  XI). 

A  cursory  examination  of  the  analyses  is  sufficient  to  indi- 
cate the  andesitic  character  of  the  rocks,  with  an  advanced 
stage  of  alteration  shown  in  IV,  V,  VI,  and  VII.  Further- 
more, the  ratio  of  the  SiO^  to  the  base-forming  elements  in  I 
and  II,  the  least  altered  material,  suggests  an  intermediate 
rather  than  an  acid  or  basic  andesite.  The  prevailingly  low 
SiOj  in  the  remaining  analyses  (IV,  V,  VI,  and  VII)  is  ex- 
plained on  the  basis  of  advanced  alteration,  since  the  rocks 
yielding  these  results  were  the  most  altered  and  were  highly 
schistose  in  structure.  Other  apparent  irregularities  in  the 
analyses  are  likewise  explained  on  the  same  basis,  since  the 
greatest  irregularities  are  indicated  in  the  analysis  of  the  most 


North  Carolina  rocks  and  the  accompanying  hand  specimens  here  described, 
and  in  a  personal  memorandum  to  the  writer  stated  that  the  rocks  were  igneous 
and  of  an  andesite  character,  confirming  the  writer's  study  of  the  material ; 
further,  that  the  evidence  was  strong  for  regarding  some  of  the  yolcanics  as 
elastics  composed  of  fragments  of  basic  or  intermediate  igneous  rocks  similar  to 
the  igneous  rocks  of  the  district.  He  says:  **I  find  they  [Virginia- North  Car- 
olina rocks]  are  very  similar  to  the  greenstones  which  form  so  important  a  part 
of  the  Archaean  and  Algonkian  of  the  Lake  Superior  region." 

*  I  am   indebted  to  Professor  W.  Blair  Clark,  of  Denison  University,  for 
kindly  placing  at  my  disposal  the  facilities  for  making  the  analyses. 
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altered  specimens.  To  what  extent  the  ore-bearing  solutions 
have  aided  in  the  alteration  it  is  not  possible  to  say,  but  that 
the  change  has  resulted  in  part  from  such  action  is  doubtless 
shown  in  the  metalliferous  veins  of  the  district. 

When  I,  II,  and  III,  analyses  of  the  least  altered  rock,  are 
compared  with  analyses  of  recognized  andesites  occurring  else- 
where, no  marked  difterences  in  the  essential  constituents  are 
shown. 

Higher  SiO,  and  Aip,  and  lower  Fep„  FeO,  CaO,  and 
MgO  in  the  Virgilina  rocks  than  for  the  similar  rocks  in  the 
Catoctin  belt  are  noted.  Na,0  is  approximately  the  same  for 
the  two  rocks,  with  increased  K,0  shown  in  the  Catoctin  an- 
desite.  The  Catoctin  andesite  is  characterized  by  very  high 
iron  oxide  and  correspondingly  low  SiO,  and  clearly  represents 
the  basic  type  of  andesite,  which  readily  accounts  for  the  ap- 
parent variations  shown  in  the  comparison  with  the  Virjgilina 
rock. 

Comparing  the  analyses  of  the  Virginia-North  Carolina 
rocks  with  those  of  andesites  from  Colorado  (analysis  IX,  XI, 
and  XII)  and  Maine  (analysis  X),  the  differences  are  by  no 
means  so  great  as  shown  in  the  Catoctin  andesite,  but,  on  the 
contrary,  the  figures  are  strikingly  close  and  uniform  for  rocks 
occurring  in  areas  so  widely  separated. 

Analyses  XIII  and  XIV  are  of  typical  greenstones  from 
the  Michigan  area  derived,  as  Williams  states,  from  the  igneous 
rock  type,  diabase.  A  comparison  of  these  two  analyses  with 
the  average  of  I  and  II  given  in  column  III  indicates  at  a  glance 
those  differences  shown  in  chemical  composition  which  distin- 
guish a  diabase  from  an  andesite. 

So  far,  then,  as  chemical  analyses  are  trustworthy,  the 
percentage  ratios  of  the  various  constituents  in  the  Virginia- 
North  Carolina  rocks,  as  indicated  in  I  and  II,  and  their  aver- 
age III,  are  those  of  andtsitc.  Passing,  then,  from  the  least  to 
the  most  altered  phases  of  the  rocks,  the  change  is  observed  to 
consist  largely  in  the  increase  in  the  amount  of  chlorite,  as 
clearly  manifested  in  the  assumption  of  water,  hydration ;  and 
also  in  increased  AUO,,  and   MgO.     A  similar  change  in  the 
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I.  Andesite,  dark  purplish  gray,  massive  and  slightly  porphyritic  in  tex- 
ture, 0.5  mile  south  of  Virgilina,  Granville  county.  North  Carolina;  Cornfield 
opening.     Analysis  by  Thomas  L.  Watson. 

II.  Dark  massive  greenstone ;  Overby  opening.  Analysis  by  Thomas  L. 
Watson. 

III.  Average  of  I  and  II. 

IV.  Bright  schistose  greenstone,  Blue  Wing  mine,  3  miles  south  of  Virgi- 
lina,  Granville  county.  North  Carolina.     Analysis  by  Thomas  L.  Watson. 

V.  Bright  schistose  greenstone,  Fourth  of  July  mine,  2.5  miles  south  of 
Virgilina,  Granville  county,  North  Carolina.     Analysis  by  Thomas  L.  Watson. 

VI.  Bright  Schistose  greenstone,  Anaconda  mine,  1.5  miles  south  of  Vir- 
^lina,  Halifax  county,  Virginia.     Analysis  by  Thomas  L.  Watson. 

VII.  Partially  decayed  schistose  greenstone  from  same  locality  as  VI. 
Analysis  by  Thomas  L.  Watson. 

VIII.  Andesite,  3.5  miles  east  of  Front  Royal,  Virginia.  Analysis  by 
George  Steiger,  Bulletin  168,  U.  S.  Geological  Survey,  1900,  page  51;  de- 
scribed by  Keith,  Fourteenth  Annual  Report,  U.  S.  Geological  Survey,  page 
305. 

IX.  Hornblende  andesite,  summit  of  southeast  spur  of  Galena  mountain, 
above  Big  10  claim,  near  Silverton,  Colorado.  Frank  R.  Van  Horn,  Bulletin 
of  the  Geological  Society  of  America,  1900,  volume  12,  page  8. 
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X.  Andesite,  Edmund's  Hill,  Aroostook  county,  Maine.  Analysis  by  W. 
F.  Hillebrand.  Herbert  E.  Gregory,  American  Journal  of  Science,  1899, 
▼olume  Tiii,  page  365. 

XI.  Pyroxene  andesite.  Agate  creek,  Yellowstone  National  park. 
Analysis  by  Wbitfield,  Bulletin  168,  U.  S.  Geological  Surrey,  1900,  page  108. 

XII.  Hornblende  andesite.  Mount  Shasta,  California.  Analysis  by  H.  N. 
Stokes,  Bulletin  168,  U.  S.  Geological  Survey,  1900,  page  176.    , 

XIII.  Dark  massire  greenstone.  Lower  Quinnesec  falls,  Michigan. 
Analysis  by  R.  B.  Riggs.  G.  H.  Williams,  Bulletin  63,  U.  S.  Geological  Sur- 
vey, 1890,  page  91. 

XIV.  Dark  schistose  greenstone,  forming  a  band  in  XIII.  Analysis  by 
R.  B.  Riggs.  G.  H.  Williams,  Bulletin  63,  U.  S.  Geological  Survey,  1890, 
page  91. 

XV.  Greenstone,  summit  of  ridge  at  Cliff  mine.  Quoted  by  A.  C.  Lane, 
Geological  Report  on  Isle  Royale,  Michigan,  Geological  Surrey  of  Michigan, 
1898-1897,  volume  vi,  page  315. 

XVI.  Meta-andesite,  1.5  miles  northward  from  Jenny  Lind.  Analysis  by 
W.  F.  Hillebrand.     Bulletin  168,  U.  S.  Geological  Survey,  1900,  page  303. 
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rocks  of  the  greenstone  area  of  Michigan  has  been  emphasized 
by  Williams.  A  second  and  no  less  important  change  in  the 
Virginia-North  Carolina  rocks  is  the  increased  amount  of  epi- 
dote  in  the  much-altered  phases  of  the  rocks,  a  fact  indicated 
microscopically  as  well  as  in  the  field,  and  further  confirmed 
chemically  in  the  greatly  increased  amounts  of  CaO  in  the 
analyses  of  the  altered  over  those  of  the  fresher  rocks. 

Attention  is  finally  directed  to  the  alkalies'  ratio  in  these 
rocks,  in  which  it  is  observed  that  KjO  is  reduced  to  practic- 
ally a  minimum,  while  the  NasO  is  proportionately  increased. 
The  constant  presence  of  TiO,  and  MnO  in  the  analyses  is  a 
noteworthy  feature. 

Evidences  of  Eruptive  Character. 

Field  Evidence, 

The  field  evidence  that  the  schistose  rocks  here  studied  are 
of  igneous  origin  is  not  entirely  lacking  when  the  belt  as  a 
whole  is  considered.  While  the  rocks  are  prevailingly  schis- 
tose or  foliated,  and  in  places  thinly  fissile,  areas  of  much  al- 
tered, though  massive,  rocks  of  the  same  color  and  texture  are 
met  in  a  number  of  places,  and  are  most  satisfactorily  explained 
as  igneous  in  origin.  This  alteration  is  the  result  of  d3mamic 
metamorphism  accompanied  by  much  chemical  action,  consist- 
ing largely  in  the  abundant  development  of  chlorite  andepidote. 
A  similar  change  has  been  observed  in  the  greenstone  areas  of 
Michigan^  and  South  Mountain,'  Pennsylvania.  In  most  cases 
where  the  original  character  is  entirely  lost  and  a  perfect  sec- 
ondary schistosity  assumed  it  becomes  necessary  to  resort  to 
the  microscope  to  determine  their  nature. 

In  the  massive  and  least  altered  phases  of  the  rock  the 
porphyritic  structure  is  apparent.  The  porphyritic  constituent 
measures  less  than  one  millimeter  in  size,  and  is  distributed 
through  an  aphanitic  groundmass  of  uniformly  green  and  pur- 
ple colors.     The  porphyritic  structure  is  more  strikingly  shown 


>  Williams,  G.  H.,  Bulletin  No.  62,  U.  S.  Geol.  SurTcy,  1890,  pp.  192-217. 
•  Bascom,  F.,  Bulletin  No.  136,  U.  S.  Geol.  Survey,  1896,  p.  25. 
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in  some  of  the  thin  sections  under  the  microscope  than  in  the 
hand  specimens.  In  such  cases  the  porphyritic  mineral  con- 
sists principally  of  a  well  striated  plagioclase. 

The  prevailing  fineness  of  grain  of  these  rocks,  which  is 
equally  characteristic  of  the  freshest  specimens  as  for  the  most 
altered  material,  and  the  associated  tuffs  or  clastic  volcanics 
suggests  solidification  at  the  surface. 

The  weathered  outcrops  afford,  as  a  rule,  only  slight  indi- 
cation of  an  igneous  mass,  although  at  one  point  a  few  miles  to 
the  south  of  Virgilina,  in  Carolina,  the  spheroidal  type  of 
weathering  was  observed.  Since  the  rocks  are  usually  no 
longer  massive,  but  instead  are  highly  schistose  in  structure, 
the  weathered  surfaces  for  structural  reasons  would  be  expected 
to  more  closely  simulate  those  of  sedimentary  masses. 

The  extension  of  the  belt  as  traced  from  the  rock  outcrops 
for  many  miles  in  an  approximately  north-south  direction,  with 
comparatively  a  very  narrow  cross-section,  is  certainly  sugges- 
tive. Their  weight,  color,  texture,  and  not  unfrequent  massive 
structure  are  properties  more  characteristic  of  igneous  than  of 
sedimentary  rocks. 

Massive  granites  and  granitic  gneisses,  and  in  places  dikes 
of  diabase,  limit  the  area  on  the  east  and  west  sides.  In  sev- 
eral instances  the  diabase  is  found  cutting  the  rocks  of  the 
greenstone  area.  Some  evidence,  both  field  and  microscopic, 
is  at  hand  for  regarding  some  of  the  rocks  at  several  places  in 
the  belt  as  altered  andesite  tuffs  or  elastics  composed  of  frag- 
ments of  the  igneous  rock.*  The  study  has  not  been  sufficiently 
extended,  however,  if,  indeed,  it  were  possible,  to  differentiate 
the  clastic  volcanics  (tuffs)  from  the  direct  igneous  masses  of 
the  area. 

Microscopical  Evidence. 

The  evidence  of  the  igneous  origin  of  these  rocks  is  not 
entirely  that  of  field  relations,  but  is  derived  largely  from  mi- 
croscopic structure,   mineral  and  chemical    composition.       In 


'  Wced»  op.  cit. 
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many  instances  the  thin-sections  show  both  stout  and  acicular 
forms  of  striated  feldspar  partially  or  wholly  preserved,  em- 
bedded in  a  fine-grained  groundmass  composed  principally  of 
green  chlorite  and  hornblende,  epidote,  altered  feldspar  and  iron 
oxide.  This  arrangement  is  not  confined  to  the  massive  and 
least  altered  forms  of  the  rocks,  but  is  indicated  to  some  degree 
in  the  partial  skeleton  outlines  of  some  of  the  original  minerals 
in  several  slides  of  the  perfectly  schistose  rocks.  In  many  cases 
chemical  and  structural  metamorphism  have  progressed  so  £ar 
that  all  trace  of  the  original  structure,  as  well  as  that  of  every 
original  mineral,  has  been  destroyed. 

The  occurrence  of  lath-shaped  polysynthetically  twinned 
crystals  of  plagioclase  which  appears  to  have  formed  an  essen- 
tial constituent  of  the  rocks  is  characteristic  of  rocks  of  igneous 
origin.  Furthermore,  the  microphitic  and  poikilitic  structures 
of  the  feldspars  of  some  of  the  rocks  in  thin-section  under  the 
microscope  are  common  only  to  igneous  masses.  The  struc- 
tures bear  certain  striking  resemblances  to  similar  rocks  of 
igneous  origin  described  by  Williams^  and  Clements^  from  the 
Lake  Superior  region.  Professor  Williams'  reproduces  a  pho- 
tomicrograph of  a  thin-section  of  one  of  the  rocks  showing  this 
structure  from  the  Negaunee  district,  which  has  its  analogue  in 
several  sections  of  the  Virgilina  rocks. 

The  minerals  composing  the  rocks,  which  are  chiefly  sec- 
ondary, are  those  which  would  result  from  chemical  and  struc- 
tural metamorphism  of  an  original  igneous  rock  of  basic  or  in- 
termediate composition. 

While,  as  already  stated,  in  most  instances  all  trace  of  the 
original  minerals  in  the  rocks  is  lost  or  destroyed,  in  some  sec- 
tions enough  remains  to  tell  with  some  degree  of  certainty  what 
their  original  essential  minerals  were. 

The  analyses  of  these  rocks  given  in  the  table  on  page  \  12 


1  Williams,  G.  H.,  Bnlletin  No.  62,  U.  S.  Geol.  Sarvey,  1890. 

>  Clements,   J.  Morgan,  Jour,  of  Geology,  1895,  Vol.  Ill,  pp.  801-822; 
Monograph,  No.  XXXVI,  U.  S.  Geol.  SurTey,  pp.  98-103. 

*  Williams,  G.  H.,  op.  cit.,  p.  226,  plate  X,  fignre  2. 
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confirm  their  igneous  character.  When  compared  with  similar 
analyses  of  well  known  igneous  rocks  of  a  certain  type  from 
widely  separated  localities,  fairly  close  agreement  is  shown  in 
the  essential  chemical  features.  Knowing,  therefore,  the 
greatly  altered  condition  of  the  bulk  of  the  rocks  in  the  area, 
such  differences  as  are  brought  out  in  the  table  of  analyses  are 
readily  explained  on  the  basis  of  chemical  and  physical  meta- 
morphism. 

Chemical  Evidence, 

The  chemical  analyses  of  these  rocks  have  been  previously 
discussed  in  this  paper — pages  1 12-1 13.  The  close  conformity 
in  composition  of  the  rocks  (the  least  altered  ones),  as  there 
indicated,  with  that  of  andesites  from  well  known  but  widely 
separated  localities  is  certainly  indicative  of  igneous  origin. 
Their  uniform  composition  is  in  contrast  with  that  of  a  series  of 
clastic  rocks,  where,  as  shown  by  Rosenbusch,^  the  chemical 
proportions  are  largely  accidental.  The  microscopical  study 
fully  confirms  the  chemical  evidence  favoring  the  igneous  origin 
of  these  rocks. 

Comparison  with  other  Areas, 

Scattered  areas  of  ancient  volcanic  rocks  have  been  recog- 
nized at  various  localities  along  the  Atlantic  coast  by  geologists, 
extending  from  New  Brunswick  through  Maine,  New  Hamp- 
shire, Massachusetts,  Pennsylvania,  and  Maryland  into  northern 
Virginia,  the  Carolinas,  Georgia^  and  Alabama.  Some  of  the 
so-called  sedimentary  areas  of  the  northern  Atlantic  coast  of 
the  earlier  geologists  are  now  regarded  as  altered  volcanic 
rocks.' 

Areas  of  such  volcanics  have  been  described  from  eastern 


1  Zur  AnffassuDg  der  Chemischen  Natur  des  Grundgebirges,  Tschermak's 
Min.  u.  Petrog.  Mitth.  1891.  Vol.  XII,  pp.  49-61. 

*  G.  H.  Williams  discusses   this  subject  io  the  15th  Ann.  Report,  U.  S. 
Gcol.  Survey,  1895,  pp.  663-664. 

*  For  a  statement  of  the  distribution  of  the  volcanic  rocks  on  the  Atlantic 
coast,  see  Williams,  Jour.  Geology,  1894,  II*  1-3 1. 
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Canada/  by  Bailey,  Matthew,  Ellis,  and  Bell  In  New  Eng- 
land' Wadsworth,  Diller,  Shaler,  Bayley,  G.  O.  Smith,  H.  S. 
Williams,  and  Gregory  have  described  similar  areas  in  Massa- 
chusetts and  Maine.  Other  similar  areas  are  well  known  in 
Pennsylvania,  Maryland,  and  Virginia  through  the  investiga- 
tions of  G.  H.  Williams,*  Keith,*  and  Bascom.*  In  the  Lake 
Superior  region*  they  have  been  long  known  through  the  con- 
tributions principally  of  Irving,  Van  Hise,  the  Winchells, 
Clements,  Bayley,  Wadsworth,  Williams,  and  Grant. 

Through  the  studies  of  Clements  and  Brooks  areas  of 
greenstone  schists,  similar  to  those  of  the  Lake  Superior  region, 
and  derived  from  an  original  basic  igneous  rock  of  pre-Cam- 
brian  age,  have  been  identified  in  the  crystalline  area  of  Ala- 
bama.^ 

The  rock  types  indicated  in  these  areas  vary  from  acid  to 
basic  volcanics  in  composition,  according  to  locality,  and  are 
represented  principally  by  such  rocks  as  rhyolite,  andesite,  dia- 
base, diorite,  gabbro,  and  their  associated  tuff  deposits. 

From  the  descriptions,  the  rocks  of  the  Virgilina  district 
are  closely  similar  in  many  essential  features  to  the  correspond- 
ing altered  phases  of  the  Catoctin  and  South  Mountain  areas  in 
Virginia,  Maryland,  and  Pennsylvania,  and  certain  ones  of  the 
famous  greenstones  from  the  Lake  Superior  region.  When  the 
altered  rocks,  greenstones,  of  the  various  areas  are  traced  by 


»  Ann.  Report  Canadian  Geol.  Survey,  iSjy-'S  D  D,  1879-80  D,  iS89-'90  F, 
189 1. 

»  Mus.  Comp.  Zool.  Bull.,  Vol.  V,  p.  2S2;  ibid.,  Vol.  VII,  pp.  166-187, 
1881 ;  A.  J.  S.,  1886,  Vol.  -XXXII,  p.  40;  8th  Ann.  Rept.  U.  S.  G.  S.,  pt.  2, 
p.  1043;  A.  J.  S.,  1899,  Vol.  VIII,  p.  359;  Bull.  No.  165,  U.  S.  G.  S.,  I900, 
212  pp. 

>  A.  J.  S.,  1892,  XLIV,  482-496;  Jour.  Geology,  1894,  II,  1-31. 

*  14th  Ann.  Rept.  U.  S.  G.  S,  1894,  pp.  285.395 ;  Am.  Geol.,  1892,  X,  365  ; 
Bull.  G.  S.  A.,  II,  156,  163. 

»  Bull.  No.  136,  U.  S.  G.  S.,  124  pp. 

^  The  literature  is  scattered  through  annual  reports,  monographs,  and  bul- 
letins of  the  U.  S.  Geological  Survey  and  the  state  reports  of  the  surveys  of 
Minnesota,  Wisconsin,  and  Michigan. 

'  Geol.  Survey  of  Alabama,  Bulletin  No.  5,  1896,  pp.  84-96,  120-197. 
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means  of  chemical  and  microscopical  study  to  the  original  rock 
type,  the  differences  become  more  apparent.  This  difference  is 
that  which  distinguishes  in  the  original  rock  an  andesite  from  a 
diabase,  diorite,  gabbro,  et  cetera ;  but,  as  already  stated,  the 
altered  rock  derived  from  these  several  types  is  closely  similar. 

Sufficient  study  of  the  ancient  vocanic  rocks  occurring  to 
the  southwest  of  the  Virgilina  area,  in  North  Carolina,  is  lack- 
ing on  which  to  base  specific  comparisons.  That  they  are  al- 
tered volcanic  rocks  of  great  age,  comprising  both  acid  and 
basic  types,  is  established,  but  the  exact  mineral  and  chemical 
composition,  denoting  the  original  types  from  which  they  are 
derived,  is  yet  to  be  investigated.  Megascopic  descriptions  and 
the  field  relations  of  many  of  the  basic  types  indicate  their 
striking  similarity  to  those  of  the  Virgilina  district. 

As  developed  from  the  chemical  and  microscopic  study  of 
the  rocks  of  the  Virgilina  district,  the  present  much  altered 
rock,  greenstone,  clearly  indicates  its  derivation  from  an  orig- 
inal andesite  of  an  intermediate  basic  type  as  contrasted  with 
the  similar  Catoctin  schist  or  greenstone,  which  from  Keith's^ 
description,  is  derived  from  a  more  basic  andesite,  diabase,  or 
basalt. 

According  to  Keith,  the  rocks  of  the  Catoctin  area  are 
igneous  in  origin  and  represent  probably  two  different  flows — 
the  upper,  basaltic,  and  the  lower,  dioritic.  In  general  the 
rocks  are  much  altered  through  dynamic  metamorphism  and 
secular  decay  and  now  largely  form  greenish  epidotic  and  chlo- 
ritic  schists,  designated  by  Keith  as  the  Catoctin  schist.  The 
fine-grained  varieties  are  composed  of  quartz,  plagioclase,  epi- 
dote,  magnetite,  and  chlorite.  In  the  coarse-grained  types  the 
original  nature  of  the  rock  is  well  indicated.  The  ophitic  ar- 
ragement  of  the  coarse  feldspars  is  definitely  marked.  The  ad- 
ditional minerals  in  the  coarse  rocks  are  calcite,  ilmenite,  skele- 
ton olivine,  biotite,  hematite,  and,  in  a  few  instances,  horn- 
blende. The  alteration  products,  chlorite  and  epidote,  are 
abundant  and  characteristic.     An  analysis  of  the  fresh  rock  by 


>  14th  Ann.  Rept.  U.  S.  G.  S.,  1894,  p.  304  et  seq. 
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George  Steiger  is  shown  in  column  VIII  of  the  table  of  analyses, 
on  pages  112-113. 

The  South  Mountain  area  is  shown  by  Williams^  and  Bas- 
com^  to  consist  of  the  acid  volcanic  rhyolite  and  the  basic 
types,  diabase  and  basalt,  the  latter  yielding  on  alteration  the 
greenstones  of  the  region.  Bascom*  further  describes  the  basic 
types  of  this  region  as  holocrystalline,  effusive,  plagioclase- 
augite  rocks,  with  or  without  olivine,  the  essential  characteris- 
tics of  the  diabase  group. 

After  establishing  the  igneous  origin  of  the  greenstones  of 
the  Menominee  and  Marquette  districts  of  Michigan,  Williams* 
shows  the  different  rock  types  to  have  been  olivine-gabbro, 
gabbro,  diabase,  diabase-porphyry,  glassy  diabase  and  mela- 
phyre,  and  tuf!s,  with  the  two  districts  limited  on  their  north 
and  south  sides  by  an  acid  series  consisting  of  granite,  granite- 
porphyry,  and  quartz-porphyry. 

The  original  mineral  constituents  of  these  rocks  are  de- 
scribed by  Williams*  as  labradorite,  quartz,  biotite,  hornblende, 
diallage,  augite,  olivine,  zircon,  apatite,  sphene,  ilmenite,  and 
magnetite.  The  secondary  minerals  produced  by  metamorph- 
ism  and  weathering  are  albite,  saussurite,  zoisite,  quartz,  horn- 
blende, epidote,  chlorite,  biotite,  talc,  serpentine,  carbonates, 
iron  oxides  and  pyrite.* 

Van  Hise  and  Clements  regard  the  gfreenstone  schists  of  the 
Crystal  Falls  iron-bearing  district  as  altered  diabase,  diabase- 
porphyry,  and  gabbro.'  Clements^  has  shown  the  derivation  of 
the  greenstones  of  the  Hemlock  formation  to  be  from  original 
basaltic  and  andesitic  rocks. 


1  Op.  cit. 

*  Op.  cit. 

»  Ibid.,  p.  69. 

*  Bull.  U,  S.  Geol.  Survey,  No.  6a,  pp.  197-199. 
'  Ibid.,  pp.  199,  200. 

*  Ibid.«pp.  313,  214. 

'  Mono.  U.  S.  Geol.   Survey,    vol.  zxxvi,   pp.  484-486 ;  ibid.,  vol.    xzviii, 
pp.  203-208. 

^  Ibid.,  Tol.  zzzvi,  pp.  95-148. 
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The  evidence  here  adduced  from  the  descriptions  of  the 
rocks  of  the  several  areas  indicates  the  striking  fact  that  the 
present  altered  rock,  greenstone,  is  remarkably  similar  for  the 
several  districts,  but  when,  through  chemical  and  microscopic 
means,  they  are  traced  to  the  original  rock,  distinct  differentia- 
tion, such  as  distinguishes  the  various  basic  igneous  types  from 
each  other,  is  shown.  Moreover,  not  only  is  this  striking  sim- 
ilarity indicated  in  the  altered  rock  in  each  instance,  but  the 
processes  involved  in  producing  the  alteration  have  been  uni- 
formly alike.  The  alteration  has  been  one  of  structural  and 
chemical  metamorphism,  resulting  in  the  formation  of  abundant 
chlorite  and  epidote  and  smaller  amounts  of  other  secondary 
minerals  and  the  accompanying  secondary  schistose  structure. 

Ore  Deposits  of  the  Di;5Trict.^ 
The  deposits  of  the  immediate  district  are  copper,  with 
those  of  workable  iron  ore  reported  from  other  portions  of  the 
same  counties.  Copper  prospecting  in  the  district  dates  back 
forty  or  fifty  years.  The  Gillis  copper  mine  was  opened  in 
1856,'  exposing  a  large  body  of  copper  glance.  Systematic 
work  is  of  recent  date,  however. 

The  ore  occurs  mostly  in  quartzose  veins,  and  to  a  limited 
extent  as  finely  divided  particles  disseminated  through  the  rocks 
in  places.  The  workable  ore  is  confined  entirely  to  the  veins. 
The  vein  stone  consists  principally  of  quartz  with  considerable 
calcite  and  epidote  mixed  locally.  The  altered  country  rock, 
greenstone,  is  intimately  mixed  with  the  quartz  and  calcite  as 
thin  lenses  and  stringers,  which  impart,  in  places,  a  banded 
structure  to  the  vein.  The  included  portions  of  the  altered 
rock  vary  from  mere  films  and  dark  streaks  in  the  quartz  to  a 
preponderance  of  the  schist  with  quartz  infiltrated  between  the 
layers.  The  quartz  is  further  frequently  encased  by  layers  of 
the  schist  wrapped  around  it. 


>  For  a  detailed  description  of  the  indiridual  mines  and  the  general  features 
of  the  belt  as  a  whole,  see  W.  H.  Weed,  Trans.  Amer.  Inst.  Min.  Engrs.,  1901, 
▼ol.  zzz,  pp.  449-504.  An  earlier  account  is  given  by  Geo.  B.  Hanna  in  Orea 
of  North  Carolina,  1888,  pp.  214-220. 

«  Emmons,  E.,  Geol.  Survey  of  North  Carolina,  1856,  p.  344. 
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The  workable  ore  comprises  glance  and  bomite  mixed  with 
the  green  carbonate,  malachite — an  alteration  product  from  the 
original  sulphides.  A  considerable  sprinkling  of  the  red  oxide 
and  native  copper  are  seen  in  places.  Genth  and  Kerr^  mention 
the  following  copper  minerals  occurring  in  Person  and  Granville 
counties:  chalcopyrite,  chalcocite,  malachite,  chrysocolla,  cu- 
prite, and  native  copper.  Chalcopyrite  and  pyrite  are  almost 
entirely  absent  from  these  veins.  They  were  observed  in  largest 
amount  at  several  shafts  being  opened  on  the  High  Hill  prop- 
erty in  Virginia  at  the  time  of  the  writer's  visit. 

So  far  as  examined,  the  ores  are  free  from  arsenic  and 
antimony,  but  are  reported  to  carry,  at  times,  very  appreciable 
traces  of  both  gold  and  silver,  particularly  the  latter.  The  fol- 
lowing assays  of  the  gray  ore  from  the  Yancy  mine  in  Person 
county,  North  Carolina,  are  given  by  Hanna,*  and  serve  to 
illustrate  the  values  of  the  mineral  material. 

Gold,  per  ton,  i-io  ounce,         i-io  ounce,  i-io  ounce. 

Silver,  per  ton,         6  7-10  ounces,     5  i-io  ounces,  1-2    ounce. 

Copper,  per  cent,  48.17  26.16  3i-i4« 

In  the  Holloway  shaft,  3.5  miles  south  of  Virgilina,  the 
vein  has  been  opened  to  a  depth  of  more  than  500  feet,  and  the 
action  of  the  percolating  carbonated  waters  is  shown  to  this 
depth  in  the  occasional  presence  of  the  green  carbonate,  mala- 
chite, in  association  with  the  unaltered  ores. 

The  particular  interest  in  the  ore  deposits  of  this  district  is 
the  somewhat  analogous  occurrence  and  association  in  many 
respects  of  the  copper  minerals,  including  native  or  metallic 
copper,  in  the  greenstones  (originally  igneous  in  origin)  to  cer- 
tain closely  allied  areas  of  altered  igneous  rocks  of  the  Lake 
Superior  region,  and  the  Catoctin  and  South  mountain  areas  of 
Virginia- Maryland-Pennsylvania,  and  to  other  smaller  and  less 
important  areas  in  Virginia  and  North  Carolina.  Furthermore, 
the  association  of  the  copper  with  epidote  is  not  only  true  of 
the  Virgilina  belt,  but  is  described  by  various  geologists'  as  true 

^  The  Minerals  and  Mineral   Localities  of  North  Carolina,   Raleigh,  1885, 
128  pages ;  also  Bulletin  No.  74,  U.  S.  Geol.  Survey,  1891,  pp.  98,  109. 

•  Op.  cit.,  p.  220. 

•  Op.  cit. 
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to  some  degree  for  the  other  areas  of  the  Atlantic  Coast  and 
Lake  Superior  regions.  No  indications  of  amygdaloidal  struc- 
ture so  common  in  the  rocks  with  which  the  copper  is  intimately 
associated  in  many  of  the  other  areas  is  found  in  the  VirgiUna 
district. 

In  describing  the  general  distribution  of  the  Catoctin  type 
of  copper  deposits,  Weed  says : 

*'  It  is  evident  that  the  association  of  epidote  (and,  to  a  lesser  de- 
gree, of  chlorite)  and  the  native  copper  is  a  constant  one,  for  which 
reason  it  is  believed  that  the  processes  incident  to  the  formation  of  the 
one  led  to  the  formation  of  the  other.  Such  ores  occur  near  Virgilina, 
Virginia,  near  Charlotte,  North  Carolina,  and  in  many  scattered  local- 
ities through  the  South."  * 

The  Ducktown  copper  deposits  in  southeastern  Tennessee 
have  been  shown  by  Weed*  to  represent  a  different  type  from 
the  Virgilina  deposits.  Both  Kemp^  and  Weed*  agree  that  the 
Ducktown  ores  are  replacement  deposits  of  an  original  calca- 
reous sedimentary.  A  further  difference  consists  in  the  Tenn- 
essee deposits  being  composed  chiefly  of  chalcopyrite  and  pyr- 
rhotite,  which  minerals  are  essentially  absent  from  the  Virgilina 
district. 

Weathering. 

The  superficial  weathered  product  consists  of  a  scanty  cov- 
ering of  light  gray  to  brown  soil.  At  comparatively  shallow 
depths  beneath  the  surface  the  rock  manifests  no  tendency 
toward  disaggregation,  nor  to  crumble  and  change  color  when 
exposed  at  the  surface,  but  on  the  contrary  remains  hard  and 
fresh  appearing. 

The  greatly  altered  nature  of  these  rocks  has  already  been 
emphasized.  The  resulting  minerals  from  such  change,  epidote 
and  chlorite,  are  present  in  large  amounts  in  these  rocks,  re- 
placing in  whole  or  in  part  the  original  essential  minerals  from 


^  Trans.  Amer.  Init.  Min.  Engrs.,  1891,  vol.  zzx,  p.  503. 
>  Ibid.,  pp.  449-504. 

•  Ibid.,  Richmond  Meeting,  February,  1801,  pp.  18-20  (author*s  edition). 

*  Ibid.,  1891,  vol.  XXX,  pp.  480-494. 
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which  the  above  two  have  been  derived.  Epidote  is  usually 
regarded  as  a  dynamo-metamorphic  mineral,  while  chlorite  is 
usually  given  as  a  product  of  weathering.  The  origin  of  chlorite, 
however,  is  sometimes  closely  associated  with  dynamic 
agencies.  It  is  not  possible,  therefore,  to  separate  the  prod- 
ucts of  the  processes  which  have  produced  the  degree  of  alter- 
ation manifested  in  the  rocks  of  this  area.  Without  stating^ 
more  detail,  vastly  the  majority  of  change  in  the  rocks  of  this 
area  is  due  to  dynamic  action. 

A  suite  of  specimens  representing  the  fresh  and  decayed 
rock  were  collected  at  the  Anaconda  mine  in  Virginia,  a  short 
distance  north  of  Virgilina,  for  illustrating  the  chemical  changes 
incidental  to  weathering.  Here  the  decayed  product  is  several 
feet  deep,  the  brown  color  of  the  decayed  rock  passing  grad- 
ually into  the  moderately  fresh  and  firm  green  rock  underneath. 
In  columns  VI  and  VII  of  the  table  of  analyses  are  given 
chemical  analyses  of  the  fresh  rock  and  its  corresponding  de- 
cayed product.  The  decayed  rock  was  of  a  pronounced  yellowish 
brown  color,  readily  crumbling  under  slight  pressure  of  the  hand. 
It  effervesced  very  feebly  in  dilute  acid,  indicating  hardly  more 
than  appreciable  traces  of  carbonates.  When  further  digested 
for  some  time  in  very  dilute  warm  HCl,  the  brown  coloring 
matter  was  removed  and  the  residue  consisted  of  the  usual 
green  mineral  products  composing  the  fresh  rock.  The  per- 
centage of  residue  composed  of  the  green  colored  minerals  was 
very  large. 

As  indicated  in  the  analyses  of  the  fresh  and  decayed  rock 
of  the  table,  the  change  has  been  one  of  hydration — ^the  assump- 
tion of  water,  accompanied  by  the  preoxidation  of  the  iron  and 
the  partial  removal  of  the  more  soluble  constituents,  lime,  mag- 
nesia, and  alkalies. 

Age  Relations. 

Excepting  the  northernmost  extension  of  the  Jura-Trias  to 
the  south  and  southeast  in  the  vicinity  of  Oxford,  Granville 
county.  North  Carolina,  no  known  elastics  of  definite  age  are 
found   close  to  the  area.     Dikes  of  Mesozoic   diabase  are  re- 
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ported  to  be  rather  numerous  in  parts  of  Granville  county,  and 
in  several  instances  are  observed  cutting  the  rocks  of  this  area. 
To  the  east,  south,  and  west  massive  granites  and  granitic 
gneisses  of  approximately  the  same  mineral  composition  are  of 
frequent  occurrence.  Sufficient  work  has  not  yet  been  done, 
however,  to  definitely  determine  the  exact  origin  of  the  gneisses, 
but  in  many  cases  their  close  mineralogical  resemblance  to  the 
granites  is  suggestive  of  igneous  origin.  Indeed,  a  chemical 
analysis  quoted  by  Kerr^  of  a  similar  granitic  gneiss  taken  from 
the  Raleigh  quarries  would  strongly  indicate,  in  connection 
with  the  mineral  components,  an  original  massive  granite  sub- 
sequently rendered  schistose  by  pressure. 

The  occurrence  of  similar  ancient  volcanic  rocks  in  the  ad- 
joining counties  to  the  southeast  of  the  Virgilina  area,  described 
by  Williams*  and  others'  as  closely  resembling  those  of  the 
South  Mountain  area,  are  grouped  as  pre-Cambrian  in  age,  and 
can  be  most  likely  correlated  with  the  rocks  of  the  Virgilina 
district. 

The  rocks  of  this  district  are  shown  to  be  quite  similar  in 
many  respects  to  the  volcanics  farther  north  in  Virginia  and 
Maryland  of  the  Catoctin  belt  and  of  South  mountain,  a  con- 
tinuation of  the  Catoctin  belt  in  Pennsylvania.  Keith*  has 
shown  the  rocks  of  the  Catoctin  belt  to  be  pre-Cambrian — 
Algonkian — ^in  age.  Likewise  Williams*  and  Bascom*  have 
shown  the  series  of  both  acid  and  basic  volcanics  of  South 
mountain  in  Pennsylvania  to  be  of  the  same  age — Algonkian. 


^  Geology  of  North  Carolina,  Geol.  Survey  of  N.  C,  1875,  vol.  i,  p.  122. 

•  Jour,  of  Geology,  1894,  vol.  ii,  pp.  1-31. 

'  Gold  Deposits  of  North  Carolina,  Geol.  Survey  of  N.  C,   Bulletin  no.  3, 
1896,  pp.  37-43;  ibid.,  Bulletin  No.  10, 1897,  pp.  15,  16. 

«  Geology  of  the  Catoctin  Belt,  14th  Ann.  Rept.,  U.  S.  Geol.  Survey,  1894, 
p.  319.    See  map,  plate  zxii,  opposite  p.  308. 

^  Volcanic  Rocks  of  South  Mountain  in  Pennsylvania  and  Maryland,  Am. 
Jo«r.  Sci.,  1892,  vol.  zliv,  pp.  493,  494;  Jour,  of  Geology,  1894,  ^ol*  u>  PP*  i-3i« 

•  The  Ancient  Volcanic  Rocks  of  South  Mountain,   Pennsylvania,  Bulletin 
No.  136,  U.  S.  Geol.  Survey,  1896,  p.  30. 

•  Jour,  of  Geology,  1893,  vol.  i,  pp.  813-832. 
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The  rocks  of  the  Virgilina  district  are,  with  lew  exceptions^ 
shown  to  be  highly  schistose  in  structure,  which  is  a  secondary 
structure,  and  indicates  that  the  area  has  been  subject  to  long- 
continued  dynamo-metamorphism.  In  view  of  these  facts  and 
in  the  absence  of  contradictory  field  evidence,  the  rocks  are 
placed  as  pre-Cambrian  in  age.  This  is  in  accord  with  the  work 
of  Kerr  and  Holmes,  who  agree  in  assigning  the  rocks  of  this 
area  to  the  Huronian  (Algonkian),^  and  with  that  of  Keith,* 
Williams,*  and  Bascom^  for  somewhat  similar  volcanics  occur- 
ring to  the  north  in  Virginia,  Maryland,  and  Pennsylvania. 

It  further  harmonizes  with  the  work  of  Williams^  and 
Nitze*  in  the  adjoning  counties  to  the  southwest  of  the  Virginia 
district,  where  similar  rocks  are  described  and  classified  as  pre- 
Cambrian  in  age.  Subsequent  work  will  probably  establish  the 
contemporaneous  origin  of  the  rocks  for  the  several  scattered 
areas. 

Conclusions. 

The  principal  points  developed  in  this  study  may  be  sum- 
marized as  follows : 

1.  The  rocks  of  the  area  here  described  have  been  greatly 
altered  through  pressure  and  chemical  metamorphim,  as  indi- 
cated in  the  prevailing  secondary  schistose  structure  and  the 
abundant  development  of  the  secondary  minerals — chlorite, 
epidote,  and  hornblende — and  small  amounts  of  others.  The 
alteration  has  advanced  sufficiently  far  in  the  schistose  phases 
to  destroy  in  most  cases  the  original  structure  and  minerals  of 
the  rock. 

2.  From  structural,  petrographic,  and  chemical  evidences 
the  rocks  arc  shown  to  have  been  derived  from  an  original  ande- 
site,  but  in  their  present  much  altered  state  they  are,  according 
to  present  usage,  more  properly  designated  meta-andesites ; 
that  these  are  intimately  associated  with  the  corresponding 
volcanic  elastics.     Furthermore,  the  popular  name  greenstone 


1  Van  Hise,  C.  R.:  Correlation  Papers,  Bulletin  No.  86,  U.  S.  Geol.  Survey. 
»  Op.  cit.  »  Op.  cit.  *  pp.  cit.  *  Op.  cit.  •  Op.  cit. 
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applied  to  many  areas  of  greatly  altered  massive  and  schistose 
rocks  along  the  Atlantic  Coast  and  Lake  Superior  regions, 
shown  to  have  been  derived  from  an  original  basic  eruptive  rock 
^rpc,  has  equal  application  to  the  existing  rocks  of  the  Vir- 
giUna  district 

3.  The  rocks  are  pre-Cambrian  in  age  and  represent  an 
area  of  ancient  volcanics  similar  to  others  described  as  occur- 
ring along  the  Atlantic  Coast  region  from  eastern  Canada  to 
Georgia  and  Alabama  and  in  the  Lake  Superior  region. 

4.  The  rocks  are  cut  by  numerous  approximately  parallel 
quartz  veins  which  contain  workable  copper  deposits.  The 
veins  have  been  described  as  true  fissure  veins,  and  the  ore  is 
glance  and  bomite,  without  chalcopyrite  and  pyritc. 


Digitized  by  VjOOQ IC 


Digitized  by  VjOOQ IC 


Digitized  by  VjOOQ IC 


X 


Digitized  by  VjOOQIC 


FEC 

21 

IS...  ^      ■ 

Volume  XII. 

BUIiliETIN 

ARTICLE  VIll. 

p.  129—145. 

• 

OF  THE 

SCIENTIFIC    UBORATORIES 


OF 


DENISON  UNIVERSITY. 


EPITED  BV 

.   THOMAS  L.  WATSON, 

Periiianent  Secretary  Denison  Scientific  Association. 


THE  BIRDS  OF  LICKING  COUNTY,  OHIO. 


By  I.  A.  FIKI^D 


^  Granvilki  Ohio,  December,   1903. 


Digitized  by  VjOOQ IC 


Digitized  by  VjOOQ IC 


i  t~0       ,4 


r-    ,(,- 


Bulletin  of  the  Scientific  Laboratories  of  Denison  University. 

Vol.  XII.  Article  VIII.  Decenber.  1903. 

THE  BIRDS  OF  LICKING  COUNTY,  OHIO. 
By  I.  A.   Field. 

Introduction. 

Licking  county  holds  a  central  position  in  the  State  of 
Ohio,  being  bounded  on  the  north  by  Knox  county,  on  the 
east  by  Coshocton  and  Muskingum,  on  the  south  by  Fairfield 
and  Perry  and  on  the  west  by  Franklin  and  Delaware  counties. 
It  lies  on  the  40th  parallel  between  the  82nd  and  83rd  meridians. 
It  extends  22^  miles  north  and  south  and  30  miles  east  and 
west,  embracing  675  square  miles.  The  topography  of  the 
county  is  quite  varied,  being  very  rough  and  hilly  in  the  eastern 
portion  while  that  of  the  west  more  nearly  approaches  a  level. 
The  western  part,  however,  is  in  hummocks  and  hillocks,  the 
result  of  glacial  action.  Geologically  considered  the  eastern 
part  of  the  county  is  a  Carboniferous  exposure,  the  middle 
Sub-carboniferous  and  the  western  is  covered  with  glacial  drift. 

The  county  is  drained  by  the  Licking  river  which  is  fed 
by  numerous  small  streams  chief  among  which  are  the  Raccoon 
and  Licking  creeks.  All  these  streams  converge  towards  the 
east. 

In  the  southern  part  of  the  county  lies  the  Licking  reser- 
voir which  extends  into  Fairfield  and  Perry  counties.  This 
body  of  water  covers  an  area  of  nearly  6000  acres,  has  many 
muddy  beaches  and  is  bordered  for  miles  by  a  wide,  swampy 
growth  of  bushes  and  reeds.  It  is  a  typical  place  for  shore  and 
aquatic  birds  and  these  may  be  found  there  in  great  numbers 
at  the  proper  season.  Washington  township  contains  a  small 
lake  known  as  Hass  lake  which  covers  an  area  of  about  twenty- 
five  acres.  This  is  surrounded  by  a  broad  margin  of  swamp 
land  which  supports  a  very  dense  growth  of  vegetation.  Be- 
sides these  bodies  of  water,  numerous  small  ponds  are  distrib- 
uted here  and  there  throughout  the  county.  These  in  the 
spring  are  frequented  by  many  different  species  of  water-birds. 

Considerable  timber  is  distributed  over  the  county.     Most 
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of  the  hills  in  the  eastern  portion  are  capped  by  woodland  and 
in  the  southern  portion  quite  large  woods  extend  over  the  low 
level  areas. 

With  such  a  varied  topography  Licking  county  is  able  to 
attract  a  very  rich  avifauna.  In  the  spring  the  reservoir  abounds 
in  water-fowl  and  shore  birds,  the  woodlands  are  thronged  with 
Warblers,  Kinglets  and  Vireos  and  the  fields  are  alive  with 
Sparrows.  Larks  and  Doves.  In  the  past  three  years  nearly  all 
of  the  following  203  species  of  birds  have  been  recorded,  rep- 
resenting fourteen  orders  and  forty-four  families.  Of  these  27 
are  permanent  residents.  79  are  summer  residents,  9  are  winter 
residents,  80  are  transient  visitants  and  8  are  accidental  visitants. 

It  seems  clear  that  the  Robin,  Bluebird  and  Redheaded 
Woodpecker  are  gradually  becoming  adapted  to  endure  the 
winters  of  this  region.  When  favored  by  a  good  supply  of 
beech  nuts,  large  numbers  of  Redheaded  Woodpeckers  may  be 
found,  on  the  coldest  winter  days,  in  the  Spring  Valley  Glen. 
Bluebirds  are  fairly  common  in  this  same  locality  during  the 
winter  and  Robins  have  been  recorded  on  the  college  campus 
in  January  and  February.  It  is  quite  evident  that  where  there 
is  an  abundance  of  food  for  these  birds  the  cold  of  winter  has 
but  little  influence  in  driving  them  south. 

Quite  a  large  number  of  birds  recorded  in  the  county  are 
very  local  in  their  distribution.  Most  of  the  aquatic  birds  are 
local  to  the  Licking  reservoir.  The  Traills  Flycatcher  is  found 
only  at  the  Licking  reservoir  and  Hass  lake  during  the  breed- 
ing season.  The  Dickcissel,  though  pretty  generally  distributed 
through  the  county,  is  found  most  abundantly  in  Granville. 
Newark  and  Newton  townships.  The  increase  in  the  number 
of  these  birds  in  the  past  three  years  has  been  something  phe- 
nomenal. In  the  spring  and  summer  of  1901  I  recorded  one 
Dickcissel.  In  the  spring  and  summer  of  1902  I  found  them 
fairly  common  and  this  year,  1903,  they  are  really  abundant. 
Going  from  Granville  to  Newark  by  wheel  I  have  counted  as 
many  as  thirty  along  the  roadside.  They  were  perched  on  the 
telephone  wires,  in  trees,  on  the  fence  or  some  waving  weed 
from   which    they   ceaselessly    poured  forth    their  monotonous 
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unmusical  song.  The  Scarlet  Tanager  is  another  bird  which  is 
increasing  in  numbers  and  in  its  range.  Formerly  it  was  neces- 
sary to  visit  Cat  run  in  order  to  see  this  brilliantly  colored 
bird,  but  for  the  last  two  summers  a  pair  have  nested  on  the 
Denison  campus  in  the  woods  back  of  the  College  dormitory. 
This  spring  several  pairs  of  Scarlet  Tanagers  were  found  nesting 
in  the  woods  located  along  the  border  line  of  Granville  and 
McKean  townships.  The  Tree  Swallow  has  been  recorded  only 
at  the  Licking  reservoir.  In  the  spring  of  1902  I  was  sur- 
prised to  find  the  Prothonotary  Warbler  breeding  at  the  Lick- 
ing reservoir  in  considerable  numbers.  In  the  same  year  a 
single  pair  was  recorded  at  Cat  run. 

In  the  list  that  follows  an  attempt  has  been  made  to  give 
the  relative  abundance,  distribution  and  the  seasonal  appear- 
ance of  each  species  of  bird  found  in  Licking  county.  The 
classification,  nomenclature  and  numeration  used  are  those  of 
the  A,  0.  U.  Check-list  of  North  Afnerican  Birds  and  Sup- 
plements succeeding. 

In  the  preparation  of  this  list  I  have  received  much  kindly 
encouragement  and  advice  from  my  friend  and  teacher  Dr.  C. 
Judson  Herrick.  Mr.  Lynds  Joiies  of  Oberlin  has  given  me 
important  help  by  suggestions  and  a  critical  reading  of  the 
entire  manuscript  To  both  of  these  men  I  wish  here  to  ex- 
press my  gratitude  and  appreciation. 


ORDER  PYGOPODES-    Diving  Birds. 
(Families  Podicipidae,  Urinatoridae.) 

Family  Podicipidae.     Grebes. 

3.  Colymbus  auritus  Linn.  Horned  G&ebb.  Rather  uncommoa 
spring  and  fall  migrant.     Confined  to  the  Licking  reservoir. 

6.  Podilymbus  podiceps  {Linn.).  Pied-billed  Grebe.  CommoD 
spring  and  fall  migrant.  It  is  probable  that  a  few  remain  as  sammer  residents, 
breeding  at  the  Licking  reservoir. 

Family  Urinatoridae.     Loons. 

7.  Gavia  imber  (Gunn).  Loon.  Common  spring  and  fall  migrant. 
Found  principally  at  the  Licking  reservoir  where  in  the  spring  it  is  often  foand 
in  companies  of  from  four  to  ten. 
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ORDER  LONGIPENNES.    Gulls  and  Terns. 

Family  Laridae.     Gulls  and  Terns. 

51a.  Larus  argentatus  Br&n,  Herring  Gull.  Tolerably  common 
spring  and  fall  migrant.     Confined  mostly  to  the  Licking  reservoir. 

60.  Larus  Philadelphia  {Ord.),  Bonaparte's  Gull.  Tolerably  com- 
mon spring  and  fall  migrant.  Usually  found  as  single  birds  or  in  pairs  at  the 
Licking  reservoir. 

64.  Starna  caspia  Pallas,  Caspian  Tern.  Rare.  One  record  of 
a  single  individual  at  the  Licking  reservoir,  May  31,  1902. 

70.  Starna  hirundo  Linn,  Common  Tern.  Common  spring  and  fall 
migrant.     Large  numbers  are  sometimes  found  at  the  Licking  reservoir. 

77.  Hydrochelidon  nigra  surinamensis  (^/n^/.)-  Black  Tkrn,  Tol- 
erably common  spring  and  fall  migrant.  Found  principally  at  the  Licking 
reservoir. 

ORDER  STEGUKI^OPODES.    Totipalmate  swimmers. 
(Families  Phalacrocoracidae,  Pelecanidae.) 

Family  Phalacrocoracidae.     Cormorants. 

120.  Phaiacrocorax  dilopus  {Sw,  ani  Rich.).  Double-crested  Cor- 
morant.    Rare.     Occasionally  one  is  killed  on  the  Licking  reservoir. 

Family  Pelecanidae.     Pelicans. 

125.  Peiecanus  erythrorhynchus  Gmel.  American  White  Peli- 
can. Rare.  One  record  of  a  single  individual  killed  by  Mr.  Stephen  Holts- 
berry  at  the  Licking  reservoir.  May  15,  1902  It  had  been  on  the  reservoir 
for  several  days. 

ORDER  ANSERES.     Lamellirostral  swimmers. 
Family  Anatidae.     Ducks,   Geese,  Swans. 

129.  Merganser  americanus  {Cass,).  American  Merganser;  Shell- 
drake.     Tolerably  common  spring  and  fall  migrant. 

130.  Merganser  serrator  (AiMM.).  Red-rreasted  Merganser.  Tol- 
erably common  spring  and  fall  migrant. 

131.  Lophodytes  cucullatus  {Linn.).  Hooded  Merganser.  Toler- 
ably common  spring  and  fall  migrant. 

132.  Anas  boschas  Linn,  Mallard.  Common  spring  and  fall  ni- 
grant. 

133.  Anas  obscura  {Gmel,).  Black  Duck,  Dusky  Duck.  Common 
spring  and  fall  migrant.  It  is  probable  that  these  birds  recorded  as  obscura 
are  not  typical  of  that  species  but  belong  to  the  newly  elaborated  species  A.  o. 
rubripes,  the  Red-legged  Black  Duck. 
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135.  Chaulelasmus  streperus  {Linn,).  Gadwall.  Uncommon  spring 
and  fall  migrant.  Mr.  Lynds  Jones  reports  that  this  bird  has  been  taken  on 
the  Licking  reservoir. 

136.  Mareca  penelope  {Linn,),  European  Widgeon.  Accidental 
visitant.  One  record  of  a  single  individual  which  was  killed  on  the  Licking 
reservoir  by  Mr.  Peter  Hayden  of  Columbus,  O.  This  is  the  first  known  rec- 
ord of  the  bird  in  Ohio.  The  bird  is  now  mounted  and  in  the  Denison  Museum. 

137.  Mareca  americana  Qmel,  American  Widgeon.  Common  spring 
and  fall  migrant.  Very  large  flocks  are  sometimes  seen  in  the  spring  at  the 
Licking  reservoir. 

139.  Nettion  carolinensis  QnuL  Grbbn-wingbd  Teal.  Tolerably 
common  spring  and   fall  migrant.     Found  principally  at  the  Licking  reservoir. 

140.  Qurquedula  discors  Unn,  Blue-winged  Teal.  Common 
spring  and  iall  migrant.  Visits  nearly  all  the  small  ponds  and  lakes  of  the 
county. 

141.  Querquedula  cyanoptera  (^«^^.).  Cinnamon  Teal.  Accidental 
visitant.    One  bird  was  killed  00  the  Licking  reseivoir  by  Mr.  William  Harlow. 

142.  Spatula  clypeata  (ZiJMK.).  Shoveller.  Common  spring  and  fall 
migrant.     Often  found  in  ditches  and  on  ponds  in  open  fields. 

143.  Dafi la  acuta  {Linn.),  Pintail;  Sprigtail.  Common  spring  and 
fall  migrant.     Found  principally  at  the  Licking  reservoir. 

144.  Aix  sponsa  {Linn,),  Wood  Duck.  Rather  uncommon  spring 
and  fall  migrant.     £ach  year's  record  shows  a  decrease  in  their  numbers. 

146.  Aythya  americana  {Eyi.),  Redhead.  Tolerably  common  spring 
and  fall  migrant.     Found  only  at  the  Licking  reservoir. 

147.  Aythya  vallisneria  (PVils.).  Canvas-back.  Rather  uncommon 
spring  and  fall  migrant.     Found  only  at  the  Licking  reservoir. 

148.  Aythya  marila  (Linn.).  American  Scaup  Duck.  Uncommon 
spring  and  fall  migrant.     Recorded  only  at  the  Licking  reservoir. 

149.  Aythya  afflnis  i^yi')-  Lesser  Scaup  Duck.  Abundant  spring 
and  fall  migrant.  Flocks  numbering  two  hundred  birds  or  more  may  be  seen 
at  the  Licking  reservoir. 

150.  Aytha  collaris  {D^fnw.).  Ring-necked  Duck.  Common  spring 
and  fall  migrant.     Found  at  the  Licking  reservoir. 

151.  Clangula  americana  {Bonap.).  American  Golden-eye.  Toler- 
ably common  spring  and  fall  migrant.  Found  on  our  larger  streams  as  well  as  at 
the  Licking  rest-rvoir. 

152.  Clangula  islandica  {GnuL).  Barrows'  Golden-eye.  Rather 
uncommon  spring  and  fall  migrant.     Found  at  the  Licking  reservoir. 

153.  Charitonetta  albeola  {Linn,).  Bufflehead;  Butter-ball. 
Common  spring  and  fall  migrant. 
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154.  Harelda  hyemalis  (Linn,),  Old  Squaw.  Rather  uncomraoD 
spring  and  fall  migrant.  One  was  killed  on  Raccoon  creek,  Feb.  12,  1902,  and 
is  now  mounted  and  in  the  possession  of  W.  H.  Ports,  Granville,  O.  They  oc- 
cur principally  ai  the  Licking  reservoir. 

165.  Oidemia  delegandi  Bonap.  White-winged  Scoter.  Rare.  Mr. 
Lynds  Jones  of  Oberlin  reported  one  at  the  Licking  reservoir,  Apr.  3,  1903. 
He  expressed  some  doubt  as  to  its  actual  identity,  however,  on  account  of  be- 
ing at  a  considerable  distance  from  the  bird. 

167.  Erasmatura  jamaicensis  [Gmtl,),  Ruddy  Duck.  Rather  un- 
common spring  and  fall  migrant      Recorded  only  at  the  Licking  reservoir. 

172.  Branta  canadensis  {Linn.),  Canada  Goose.  Rather  uncommon 
spring  and  fall  migrant.  S  >me  years  they  are  more  common  than  in  others. 
On  Oct.  19,  1902,  I  counted  more  than  a  hundred  on  the  Licking  reservoir. 

172a.  Branta  canadensis  hutchinsii  {Sw.  and  Rich.).  Hutchin's 
Goose.  Mr.  William  Harlow  has  a  live  specimen  that  he  captured  on  the 
Licking  reservoir. 

173.  Branta  bernicia  (Linn.),  Brant.  Rare.  One  doubtful  record 
of  one  at  the  Licking  reservoir.  May  30,  1902. 

181.  Olor  buccinator  (Rich.),  Trumpeter  Swan.  Uncommon  spring 
and  fall  migrant.  One  record  of  three  at  the  Licking  reservoir,  March  28,  1903. 


ORDER  HERODIONES.     Herons  and  Bitterns. 

Family  Ardeidae. 

190.  Botaurus  lentlglnosus  (Montag.),  American  Bittern.  Toler- 
ably common  summer  resident  from  April  to  November.  Breeds  at  Hass  lake 
and  the  Licking  reservoir.  Found  about  almost  any  of  the  marshy  ponds  in 
the  county  during  the  spring  and  fall  migration  season. 

191.  Ardetta  exilis  (Gniel.).  Least  Bittern.  Very  common  summer 
resident  from  May  to  October.     Breeds  at  Licking  reservoir, 

194.  Ardea  herodias  Linn.  Great  Blue  Heron.  Tolerably  com- 
mon summer  resident.     Breeds  at  Licking  reservoir. 

197.  Ardea  candldissima  Gmel.  Snowy  Heron.  Very  rare.  One 
record  of  Aug.  20,  1901  at  the  Licking  reservoir.  Dr.  J.  M.  Wheaton  in  his 
Report  on  The  Birds  of  Ohio.  p.  502,  reports  having  seen  five  of  these  birds  at 
Granville  in  the  summer  of  1859.     '*These  were  apparently  all  young.** 

201.  Ardea  virescens  Ltnn.  Green  Heron.  Common  summer  resi- 
dent from  April  to  October.  Generally  distributed  throughout  the  county. 
Nests  in  trees  along  the  larger  streams  and  in  orchards. 
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ORDER  PALUDICOLAE. 

Family  Rallidae.     Rails,   Coots,   Gallinules. 

208.  Rallus  eiegans  Aud,  King  Rail.  Rather  uncommon  summer 
resident  from  May  to  October.     Breeds  at  the  Licking  reservoir. 

212.  Rallus  virglnlanus  Linn,  Virginia  Rail.  Common  summer 
resident  from  May  to  October,    i Breeds  at  Hass  lake  and  the  Licking  reservoir. 

214.  Porzana  Carolina  {Unn.).  Sora;  Carolina  Rail.  Common 
summer  resident  from  April  to  November.  JBreeds  at  Hass  lake  and  the  Lick- 
ing reservoir. , 

219.  Gallinula  galeata  (^'Vii/).  Florida  Gallinulb.  Common  sum- 
mer resident  from  May  to  October.     Breeds  at  the  Licking  reservoir. 

221.  Fullca  amerlcana  Gmtl.  American  Coot,  Abundant  spring 
and  fall  migrant.  Often  I  have  seen  several  hundred  together  on  the  Licking 
reservoir.  It  is  probable  that  a  few  remain  as  summer  residents  breeding  at 
the  reservoir. 

ORDER  LIMICOLAE.     Shore  Birds. 
(Families,  Scolopacidae,  Charadriidae.) 

Family  Scolopacidae.     Snipes  and  Sandpipers. 

228.  Philohela  minor.  {Qmel).  American  Woodcock.  Rather  un- 
common summer  resident  from  April  to  October. 

230.  Gallinago  dellcata  (O/-^).  Wilson's  Snipe.  Tolerably  common 
spring  and  fall  migrant  in  April  and  May,  September  and  October. 

239.  Tringa  maculata  Vteill.  Pectoral  Sandpiper.  Common  spring 
and  fall  migrant.     Frequents  wet  fields  and  meadows. 

242.  Tringa  mlnutllla  Vuill.  Least  Sandpiper.  Uncommon  spring 
and  fall  migrant.  Frequents  the  muddy  shores  on  the  north  end  of  the  Lick- 
ing reservoir. 

246.  Ereunetes  puslllus  (Linn.).  Semipalmated  Sandpiper.  Tol- 
erably common  spring  and  fall  migrant.     Found  at  the  Licking  reservoir. 

248.  Calidrls  arenarla  [Linn.).  Sanderling.  Uncommon  migrant. 
It  may  usually  be  found  in  small  numbers  at  the  Licking  reservoir  during  Sep- 
tember and  October. 

254.  Totanus  melanoleucus  [Gmci.).  Greater  Yellow-legs.  Tol. 
erably  common  spring  and  fall  migrant. 

255.  Totanus  flavi pes  ((7^^/.).  Yellow-legs.  Common  spring  and 
fall  migrant. 

256.  Helodromas  solltarlus  {IVils.).  Solitary  Sandpiper.  Toler- 
ably common  migrant  and  after  the  middle  of  July  a  summer  resident.  Does 
not  breed.  Frequents  small  ponds,  the  larger  ditches  and  the  muddy  shores  of 
the  Licking  reservoir. 
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261.  Bartramia  longicauda  {.Bechst,),  Bartramian  Sandpiper.  ToI. 
erably  common  summer  resident  from  April  to  October.     Breeds. 

263.  Actitis  macuiaria  {Linn.).  Spotted  Sandpiper.  Common  sam> 
mer  resident  from  April  to  October.     Breeds. 

264.  Numenius  iongiroatris  fVt^.  Long-billed  Curlew.  Rare 
migrant.     One  record  of  seven  at  the  Licking  reservoir  May  31,  1902. 

Family  Charadriidae.     Plovers. 

273.  Aeglalitis  vocifera  {Linn.)  Killdeer.  Common  summer  resi- 
dent from  March  to  October.     Breeds. 

ORDER  QALLINAE.    Gallinaceous  Birds. 
Family  Tetraonidae.     Grouse,  Bob-whites. 

289.  Coiinus  virginianua  (Linn.).  Bob-white,  Quail.  Common 
permanent  resident.     Breeds.     Well  distributed  throughout  whole  county. 

300.  Bonasa  umbellus  (Linn.).  Ruffed  Grouse.  Uncommon  per- 
manent resident.  Confined  almost  entirely  to  the  south-eastern  part  of  the 
county. 

ORDER  COLUMBAE.     Pigeons  and  Doves. 

Family  Columbidae. 

316.  Zenaidura  macroura  {Linn.).  Mourning  Dove.  Very  com- 
mon summer  resident  from  latter  part  of  January  to  November.     Breeds. 

ORDER  RAPTORES.     Birds  of  Prey. 
(Families  Cathartidae,  Falconidae,  Strigidae,  Bubonidae.) 

Family  Cathartidae.     American  Vultures. 

325.  Cathartes  aura  {Linn.).  Turkey  Vulture.  Common  summer 
resident  from  February  to  November.     Breeds. 

Family  Falconidae.     Falcons,  Hawks,  Eagles. 

331.  Circus  hudaonius  {Linn.).  Marsh  Hawk;  Harrier.  Toler- 
ably common  summer  resident  from  April  to  October.  Probably  breeds  in 
vicinity  of  the  Licking  reservoir. 

332.  Accipter  velox  (^//r.).  Sharp-shinned  Hawk.  Tolerably  com- 
mon permanent  resident.     Breeds. 

333.  Acciptar  cooper!  {Bonap.).  Cooper's  Hawk.  Tolerably  com- 
mon permanent  resident.     Breeds. 

337.  Buteo  borealis  {Gmel.).  Red-tailed  hawk.  Common  perma- 
nent resident.     Breeds. 
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339.  Butoo  iineatus  {Gf/ul.),  Rbd-shouldbrrd  Hawk.  Common 
permanent  resident.     Breeds. 

343.  Biiteo  platypterus  [Vieill,),  Broad-winged  Hawk.  This  bird 
is  reported  as  rare  and  not  breeding  by  Mr.  Raymond  Osburn  of  Vanatta. 

352.  Haiiaaetus  leucocephaiua  (Linn.).  Bald  Eagle.  Rather  un- 
common and  irregular  in  its  appearances.  Probably  breeds  in  the  vicinity  of 
the  Licking  reservoir.  A  specimen  in  the  Denison  museum  was  taken  Dec. 
11,  1900. 

357.  Faico  coiumbariua  Linn,  Pigeon  Hawk.  Uncommon  spring 
and  fall  migrant. 

360.  FaIco  sparverius  Linn.  Sparrow  Hawk.  Common  summer 
resident  from  April  to  November.     Breeds. 

364.  Pandion  haliaetua  carolinenala  {Gmel.).  American  Osprky. 
Rather  uncommon  summer  resident  from  April  to  October.  Breeds  at  the 
Licking  reservoir. 

Family  Strigidae.     Barn  0wi5. 

365.  Strix  pratlncoia  Bonap,  American  Barn  Owl.  Rare.  Two 
specimens  have  been  brought  in  by  farmers,  within  the  last  two  years,  who 
wished  to  have  them  mounted.     Possibly  a  summer  resident. 

Family  Bubonidae.     Horned  Owls,   Hoot  Owls,  etc. 

366.  Aalo  wilaonianua  (-^xx ).  American  Long-eared  Owl.  Un 
common  permanent  resident.  Probably  breeds  near  the  east  end  of  the  Lick- 
ing reservoir  where  it  is  most  commonly  found. 

367.  Aaio  accipitrinua  {Pall.).  Short-eared  Owl.  Rather  uncom- 
mon permanent  resident  but  very  common  winter  visitant  from  October  to  May. 
Probably  breeds  about  the  Licking  reservoir. 

368.  Syrnium  nebuloaum  {Forst.),  Barred  Owl.  Common  perma- 
nent resident.     Breeds. 

373.  Megaacopa  aaio  {Linn.),  Screech  Owl.  Common  permanent 
resident.     Breeds. 

375.  Bubo  virginianua  {Gmel.).  Great  Horned  Owl.  Tolerably 
common  permanent  resident.     Breeds. 

376.  Nyctea  nyctaa  [Linn.).    Snowy  Owl.     Rare  winter  visitant. 

ORDER  COCCYGES.    Cuckoos,  Kingfishers. 
(Families  Cuculidae,  Alcidinidae.) 

Family  Cuculidae.     Cuckoos. 

387.  Coccyzua  amerlcanua  (^ivM.).  Yellow-billed  Cuckoo.  Com- 
mon summer  resident  from  May  to  October.     Breeds. 
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388.  Coccyzus  erythrophthalmus  {Wtls.).  Black-billed  Cuckoo. 
Tolerably  common  summer  resident  from  May  to  October.     Breeds. 

Family  Alcidinidae.     Kingfishers. 

390.  Ceryle  alcyon  (Linn.).  Belted  Kingfcshkr.  Common  sum- 
mer resident  from  March  to  December.     Breeds. 

ORDER  PICI.     Woodpeckers,  etc. 
Family  Picidae.     Woodpeckers. 

393.  Dryobates  villosus  (Linn.).  Hairv  Woodpecker.  Tolerably 
common  permanent  resident.     Breeds. 

394c.  Dryobates  pubescens  medianus  {.Swains.)  Downy  Wood- 
pecker.    Common  permanent  resident.     Breeds. 

402.  Sphyraplcus  varlus  (Linn.),  Yellow-bellied  SAPiucKER. 
Common  spring  and  fall  migrant. 

406.  Melanerpes  erythrocephalus  (Linn.),  Red-headed  Wood- 
pecker. Very  common  summer  resident  from  April  to  October.  When  food 
is  plentiful  a  few  remain  over  for  the  winter.  A  good  crop  of  beech  nuts  kept 
a  large  number  of  these  birds  over  the  winter  of  1902-03.  On  January  18,  1902, 
I  counted  twenty-six  in  Spring  Valley  glen. 

409.  Melanerpes  carolinus  (Linn.).  Red-Bellied  Woodpecker. 
Tolerably  common  permanent  resident.     Breeds. 

412a.  Colaptes  auratus  luteus  Bangs,  Northern  Flicker.  Com- 
mon summer  resident  from  April  to  November.  Sometimes  a  few,  favored  by 
plenty  of  food,  remain  over  the  winter. 

ORDER  MACROCHIRES.     Nighthawks,  Swifts,   Hummingbirds. 
(Families  Caprimulgidae,  Micropodidae,  Trochilidae.) 

Family  Caprimulgidae.     Nighthawks,   Whip-poor-wills. 

417.  Antrostomus  vociferus  (PViis.).  Whip-poor-will.  Tolerably 
common  summer  resident  from  May  to  October.     Breeds. 

420.  Chordeiles  virglnianus  (GmeL).  Nighthawk.  Common  sum- 
mer resident  from  May  to  October.     Breeds. 

Family  Micropodidae.     Swifts. 

423.  Chaetura  pelagica  (Linn.).  Chimney  Swift.  Abundant  sum- 
mer resident  from  April  to  October.     Breeds. 

Family  Trochilidae.     Hummingbirds. 

428.  Trochllus  colubris  (Linn).  Ruby-throated  Hummingbird. 
Common  summer  resident  from  May  to  October.     Breeds. 


Digitized  by  VjOOQ IC 


Art  VIII  ]  Field,  Birds  of  Licking  County,  139 

ORDER  PASSERES.     Pkrching  Birds. 
(Families  Tyraimidae,  Alaudidae,  Corvidae,  Tcteridae,  Fringillidae,  Tanagridae, 
llirundinidae.    Ampelidae,    Laniidae,   Vireonidae,   Mnioiiltidae,    Motacil- 
lidae,  Troglodytidae,  Certhiidae,  Paridae,  Sylviidae  and  Turdidae.) 

Family  Tytannidae.     Flycatchers. 

AAA.  Tyrannus  tyrannus  {Linn.),  Kinghird.  Common  summer 
resident  from  April  lo  September.     Breeds. 

452.  Myiarchus  crinitus  (/''»'«•)•  Crested  Flycatcher.  Common 
summer  resident  Irom  May  to  September.     Breeds. 

456.     Sayornis  phoebe  {L-uh.).     Phoebe.     Common  summer  resident  . 
from  March  to  November,      breeds. 

461.  Contopus  virens  {Linn).  Wood  Pewee.  Common  summer 
resid  ni  fiom  May  to  September.     Rrerd«:. 

465.  Empidonax  virescens  (K/^///.).  Green-crested  Flycatcher. 
Common  summer  resident  from  May  to  September.      Breeds. 

466.  Empidonax  traillli  (//«/.).  Traill's  Flycatcher.  Common 
summer  resident  Irom  May  to  September.  Bree  's  at  Hass  lake  and  the  Lick- 
ing reservoir. 

467.  Empidonax  minimus  fiairt^.  Least  Flycatcher.  Uncom- 
mon spring  and  fall  migrant. 

Family  Alaudidae.     Larks. 

474.  Otocoris  alpestris  (/'/><'2-).  Horned  Lark.  Tolerably  common 
winter  resident  from  November  lo  April. 

474b.  Otocoris  alpestrls  practlcola  Hensh.  Prairie  Horned  Lark. 
Tolerably  common  summer  resident  from  April  to  October.     Breeds. 

Family  Corvidae.     Crows,  Jays,  etc 

477.  Cyanocitta  cristata  {^Linn.).  Blue  Jay.  Common  permanent 
resident.     Breeds. 

488.  Corvus  amerlcanus  /lui.  American  Crow.  Common  sum- 
mer resident  from  February  to  December.  Some  years  a  few  remain  through 
the  winter. 

F^amily  Icteridae.     Blackbirds,   Orioles,   etc 

494.  Dolichonyx  oryzlvorus  (^<V<».)-  Bobolink.  Tolerably  common 
summer  resident  from  May  to  September.     Breeds. 

495.  Molothrus  ater  [BodJ.).  Cowbird.  Common  summer  resident 
from  March  lo  October.     Breeds. 
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498.  Agelaius  phoeniceus  {Linn.).  Red-winged  Blackbird.  Abun- 
dant summer  resident  from  March  to  November.     Breeds. 

501.  Sturnelia  magna  (Linn.).  Meadowlark.  Very  common  sum- 
mer resident  from  March  to  November.  Breeds.  A  few  sometimes  remain 
through  the  winter. 

506.  Icterus  spurlus  (L/nn.).  Orchard  Oriole.  Common  summer 
resident  from  May  to  September.     Breeds. 

507.  Icterus  gaibula  {Linn.).  Baltimore  Oriole.  Common  sum- 
mer resident  from  April  to  September.     Breeds. 

509.  Scolecophagus  carolinus  {Af&ll.).  Rusty  Blackbird.  Toler- 
ably common  spring  and  fall  migrant. 

511b.  Quiscalus  qulscula  aeneus  {Ridgw.).  Bronzed  Grackle. 
Abundant  summer  resident  from  March  to  November.     Breeds. 

Family  Fringellidae.     Finches,  Sparrows,   etc. 

517.  Carpodacus  purpureus  {Gmel.).  Purple  Finch.  Tolerably 
common  spring  and  fall  migrant. 

521.  Loxia  curvirostra  minor  {Brehm.).  American  Crossbill.  Rare 
and  irregular  winter  visitant. 

529.  Astragalinus  tristls  {Linn.).  Goldfinch.  Common  permanent 
resident.     Breeds. 

533.  Spinus  pinus  {IVi/s.),  Pine  Siskin.  Tolerably  common  irreg- 
ular visitant.  On  April  7,  1901,  eight  of  these  birds  in  iull  song  were  recorded 
on  the  college  campus. 

534.  Passerina  nivalis  {Linn.).  Snowflake.  Mr.  Raymond  Osburn 
of  Vanatta  reports  the  snowflake  as  a  rare  visitant  and  not  breeding. 

536.  Calcarius  lapponlcus  {Linn.).  Lapland  Longspur.  Toler- 
ably common  winter  visitant  from  December  to  March. 

540.  Pooecetes  gramlneus  {Gmel.).  Vesper  Sparrow.  Very  com- 
mon summer  resident  from  March  to  November.     Breeds. 

543a.  Ammodramus  sandwichensls  savanna  {IVils.).  Savanna 
Sparrow.     Tolerably  common  spring  and  fall  migrant. 

546.  Ammodramus  sandwichensls  passerinus  {JVi/s.).  Grass- 
hopper Sparrow.  Very  common  summer  resident  from  April  to  August. 
Breeds. 

547.  Ammodramus  henslowii  (^tf</.).  Henslow's  Sparrow.  Rare. 
One  record  of  one,  April  21,  1903. 

552.  Chondestes  grammacus  {Say.).  Lark  Sparrow.  Rather  un- 
common summer  resident  from  April  to  August.     Breeds. 

554.  Zonotrlchia  leucophrys  {Forst.).  White-crowned  Sparrow. 
Tolerably  common  spring  and  fall  migrant. 
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558.  Zonotrichia  alblcollls  {Gmel.).  White-throated  Sparrow. 
Common  spring  and  fall  migrant. 

559.  Spizella  monticola  {Gfw/.).  Tree  Sparrow.  Very  common 
winter  resident  from  November  to  April. 

560.  Spizella  soclaiis  {IVi/s.),  Chipping  Sparrow.  Very  commoo 
summer  resident  from  April  to  November.     Breeds. 

563.  Spizella  pusilla  {tVi/s.).  Field  Sparrow.  Very  common  sum- 
mer resident  from  April  to  November.     Breeds. 

567.  Junco  iiyemaiis  (Linn.).  Slate-colored  Junco.  Common 
winter  resident  from  October  to  April. 

581.  Melospiza  melodia  {tVt/s.),  Song  Sparrow.  Very  commoo 
permanent  resident.     Breeds. 

583.  Melospiza  iincoini  {Aud.).  Lincoln's  Sparrow.  Rather  un- 
common spring  and  fall  migrant  in  May  and  October. 

584.  Melospiza  georgiana  {Lath,).  Swamp  Sparrow.  Rather  un- 
common spring  and  fall  migrant  in  April,  October  and  November.  Usually 
found  in  company  with  M .  Iincoini. 

585.  Passereiia  iliaca  {Aferr,).  Fox  Sparrow.  Rather  uncommon 
spring  and  fall  migrant  in  March  and  April,  October  and  November. 

587.  Piplio  erythrophthalmus  {Linn.).  Towhee.  Common  summer 
resident  from  March  to  November.     Breeds. 

593.  Cardinalls  cardinalis  {Linn,).  Cardinal.  Common  perma- 
nent resident.     Breeds. 

595.  Zamelodia  ludoviciana  {Lmn.).  Rose-breasted  Grosbeak. 
Tolerably  common  summer  resident  from  May  to  September.     Breeds. 

598.  Cyanospiza  cyanea  {Linn.)  Indigo  Bunting.  Very  common 
summer  resident  from  May  to  October.     Breeds. 

604.  Spiza  americana  (C7^rf^/.).  Dickcisskl.  Very  common  summer 
resident  from  May  to  September.  Breeds.  More  abundantly  distributed 
through  the  eastern  half  of  the  county. 

Family  Tanagridae.  Tanagers. 

608.  Piranga  erythromeias  yieiii.  Scarlet  Tanager.  Tolerably 
commin  summer  resident  from  April  to  late  in  September.  Breeds.  Each 
year's  record  since  19X)  shows  an  increase  in  the  number  of  these  birds. 

610.  Piranga  rubra  {Linn.).  Summer  Tanager.  Rare.  Messrs.  J. 
F.  VanVoorhiH  and  W.  C.  Meiz  report  one  pair  breeding  in  a  woods  two  miles 
south  of  Newark. 

Family  Hirundinidae.     Swallows. 

611.  Progne  subis  (^'«^.)-  Purple  Martin.  Common  summer  resi- 
dent from  April  to  September.     Breed;. 
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612.  Petrocheiidon  lunifrons  {Say.),  Cliff  Swallow.  Tolerably 
commoD  sammer  resident  from  April  to  September. 

613.  Hirundo  erythrogastra  Bodd,  Barn  Swallow.  Tolerably  com- 
mon summer  resident  from  April  to  September.     Breeds. 

614.  Tachycineta  bicoior  {VietU.),  Tree  Swallow.  Tolerably  com- 
mon summer  resident  from  April  to  September.  Breeds  in  the  vicinity  of 
Licking  reservoir. 

616.  Clivicola  riparia  (Linn.).  Bank  Swallow.  Tolerably  common 
summer  resident  from  April  to  September.     Breeds. 

617.  Steigidopteryx  aerripennia  (^M^.).  Rough-winged  Swallow. 
Common  summer  resident  from  April  to  September. 

Family  Ampelidae.     Waxwings. 

619.  Ampeila  cedrorum  (Vieiil.).  Cedar  Waxwing.  Very  com- 
mon summer  resident  from  April  to  November.     Breeds. 

Family  Laniidae.     Shrikes. 

621.  Lanlus  borealia  Vteiil.   Northern  Shrike.    Rare  winter  visitant. 

622.  Lanlua  ludovicianua  Linn.  Loggerhead  Shrike.  Tolerably 
common  summer  resident  from  March  to  September.     Breeds. 

Family  Vireonidae.     Vireos. 

624.  Vireo  olivaceous  (Linn.).  Red-eyrd  Vireo.  Common  summer 
resident  from  April  to  October.     Breeds. 

627.  Vireo  gilvus  (Vteill.)  Warbling  Vireo.  Common  summer  resi- 
dent from  April  to  November.     Breeds. 

628.  Vireo  flavlfrons  yietil.  Yellow-throated  Vireo.  Tolerably 
common  summer  resident  from  May  to  September,      Breeds. 

629.  Vireo  aolitariua  (^V/ts).  Blue-headed  Vireo.  Mr.  Raymond 
Osburn  of  Vanaita  reports  this  bird  as  rare  and  not  breeding. 

631.  Vireo  noveboracensia  (Gmei.).  White-eyed  Vireo.  Uncom- 
mon spring  and  fail  migrant.  One  pair  remained  on  the  Denison  campus  from 
April  6  to  i6,  1903. 

Family  Mniotiltidae.     Wood  Warblers. 

636.  Mniotilta  varia  (Linn.).  Black  and  White  Warbler.  Com- 
mon spring  and  fall  migrant  and  uncommon  summer  resident  from  April  to 
September.     Breeds 

637.  Protonotaria  citrea  (Bodd.)  Prothonotary  Warbler.  Toler- 
ably common  summer  resident  from  May  to  September.  Very  common  and 
breeding  at  the  Licking  reservoir.  One  pair  found  nesting  at  Cat  run  May 
24,  1902. 
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639.  Helmitherus  vermivorus  (GmeL),  Worm-eating  Warbler. 
Rare  spring  and  fall  migrant  in  May  and  August.  One  record  of  two  May  7, 
1902,  another  of  two  May  ii,  1903. 

641.  Helminthophila  pin  us  {Linn.),  Blub-wingbd  Warbler.  Rather 
uncommon  summer  resident  from  May  to  September.     Breeds. 

645.  Helminthophila  rubrlcapilla  {IViis,).  Nashville  Warbler. 
Tolerably  common  spring  and  fall  migrant  in  May  and  September. 

647.  Helminthophila  peregrine  {tVtis.).  Tennessee  Warbler.  Un- 
common spring  and  fail  migrant  in  May  and  September. 

648.  Compsothlypis  americana  usnew  Brewst.  Northern  Par- 
ULA   Warbler,     Uncommon   spring  and  fall  migrant  in  May  and  September. 

652.  Dendroica  aestlva  {Gmel.).  Yellow  Warbler.  Abundant 
summer  resident  from  last  of  April  to  September. 

654.  Dendroica  caerulescens  (Gmel.).  Black-throated  Blue  War- 
bler.    Common  spring  and  fall  migrant  in  May  and  September. 

655.  Dendroica  coronate  {Ltnn,).  Myrtle  Warbler.  Very  com- 
mon spring  and  fall  migrant  in  April  and  May,  September  and  October. 

657.  Dendroica  maculosa  {Gmel.).  Magnolia  Warbler.  Common 
spring  and  fall  migrant  in  May  and  September. 

658.  Dendroica  rare  ^ils.  Cerulean  Warbler.  Common  summer 
resident  from  the  last  of  April  to  August.     Breeds. 

659.  Dendroica  pensylvanica  {Linn  ).  *Chestnut-sided  Warbler. 
Tolerably  common  spring  and  fall  migrant  in  May  and  September. 

660.  Dendroica  castanea  {IViis.),  Bay-breasted  Warbler.  Com- 
mon spring  and  fall  migrant  in  May,  September  and  October. 

661.  Dendroica  striata  {Forst.).  Black-poll  Warbler.  Uncommon 
spring  and  fall  migrant  in  May,  September  and  October.  More  common  in 
the  fall. 

662.  Dendroica  blackburniae  {Qmel).  Blackburnian  Warblers. 
Common  spring  and  fall  migrant  in  May  and  September. 

667.  Dendroica  virens  {Gmel.).  Black-throated  Green  Warbler. 
Common  spring  and  fail  migrant  in  May,  September  and  October. 

674.  Seiurus  aurocaplllus  {Ltnn.).  Oven-bird.  Tolerably  com- 
mon summer  resident  from  April  to  September.     Breeds. 

675.  Seiurus  noveboracensis  {Gmel.).  Water-thrush.  Uncom- 
mon spring  and  fall  migrant  during  April,  August  and  October. 

676.  Seiurus  motacllla  {Vieill.).  Louisiana  Water-thrush.  Un- 
common.    One  specimen  taken  at  Licking  reservoir  March  27,  1902. 

681b.  Geothlypis  trichas  brachidactyla  {Swainson.)  Northern  Yel- 
low-throat.     Common  summer  resident  from  April  to  September.     Breeds. 
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683.  Icteria  virens  {Linn,).  Yellow-breasted  Chat.  Common  sum- 
mer resident  from  May  to  August.     Breeds. 

686.  Wilsonia  canadensis  (^mn ).  Canadian  Warbler.  Toler- 
ably common  spring  and  fall  migrant  in  May  and  September. 

687.  Sstophaga  rutleilla  {Unn.).  American  Redstart.  Common 
summer  resident  from  May  to  September.     Breeds. 

Family  Motacillidae.     Pipits. 

697.  Anthus  pensllvanfcus  (Lath.).  American  Pipit.  Tolerably 
common  spring  and  fall  migrant  in  April  and  May,  October  and  November. 

Family  Tkoglodytidae.     Thrashers.  Wrens,   etc. 

704.  Qaleoscoptes  earollnensis  (^'>«».)-  Catbird.  Very  common 
summer  resident  from  April  to  October.     Breeds. 

705.  Toxostoma  rufum  (Linn.),  Brown  Thrasher.  Tolerably  com- 
mon summer  resident  from  April  to  September. 

718.  Thryothorus  iudovlcfanus  {/nth.).  Carolina  Wren.  Common 
permanent  resident.     Breeds. 

721.  Troglodytes  aedon  VialL  Hoijsr  Wrrn.  Uncommon  summer 
resident  from  April  to  October.  Breeds.  Three  years  ago  it  was  tolerably 
common  but  since  then  it  has  been  on  the  gradual  decrease. 

722.  Olbiorchifus  htemalis  {VieilL).  Wintkr  Wren.  Common 
winter  resident  from  October  to  April. 

725.  Cistothorus  palustris  i^Vi/s.).  Lonc-billeo  Marsh  Wren. 
Common  summer  resident  from  April  to  late  in  October.  Breeds  at  Hass  lake 
and  the  Licking  reservoir. 

Family  Certhiidae.     Creepers. 

726.  Certhia  famlliaris  fuses  (Barton.).  Brown  Creeper.  Com- 
mon spring  and  fall  migrant  and  tolerably  common  winter  resident  from  Octo- 
ber to  May. 

Family  Paridak.      Nuthatches  and  Tits. 

727'  Sitta  earolfnensis  Lnth.  White-breasted  Nuthatch'.  Com- 
mon permanent  rc»>i<lent.      Itrcfds. 

728.  Sitta  canadensis  Linn.  Red-bkeasted  Nuthatch.  Uncom- 
mon spring  and  fall  migrant  in  March,  April  and  May,  October  and  November. 

731.  Parus  bicoior  Linn.  Tufted  Titmouse.  Very  common  perma- 
nent resident.     Breeds. 

735.  Parus  atricapillus  [Linn.).  Chickadee.  Common  permanent 
resident.     Breeds. 
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736.     Parus    carolinensis    Aui,    Carolina   Chickadee.    Tolerably 
common  permanent  resident.     Breeds. 


F*AMILY    SyLVIIDAE        KiNGLETS    AND    GnATCATCHERS. 

748.  Regulus  satrapa  Licht.  Golden-crowned  Kinglet.  Abun- 
dant spring  and  fall  migrant  in  March  and  April,  October  and  November. 

749.  Regulus  caiendula  {Linn.),  Ruby-crowned  Kinglet.  Abun- 
dant spring  and  fall  migrant  in  April,  October  and  November. 

751.  Polioptila  caerulea  (Linn.).  Blur-gray  Gnatcatcher.  Toler- 
ably common  summer  resident  from  April  to  September.     Breeds. 

Family  Turdidae.     Thrushes.   Bluebirds,  etc. 

755.  Hylocichia  mustelina  Gmei.  Wood  Thrush.  Common  sum- 
mer resident  from  May  to  October.     Breeds. 

756.  Hyiocichia  fuscescens  Steph.  Wilson's  Thrush  ;  Veery. 
Common  spring  and  fall  migrant  in  May,  August  and  September. 

757.  Hylocichia  aliciae  (Baird.).  Gray-cheeked  Thrush.  Toler- 
ably  common  spring  and  :fall  migrant  in  April  and  May,  September  and 
October. 

758a.  Hylocichia  swainsonii  (Cad.).  Olive-backed  Thrush.  Very 
common  spring  and  fall  migrant  in  May,  September  and  October.  In  the  fall 
this  and  the  preceding  species  are  often  found  to^jether  feeding  upon  wild 
cherries  and  pokeberries. 

759b.  Hylocichia  guttata  pallasli  (€06.).  Hermit  Thrush.  Rather 
uncommon  spring  and  fall  migrant  in  April  and  October. 

761.  Morula  mlgratorla  [Linn.).  American  Robin.  Abundant  sum- 
mer resident  from  February  to  November.  Breeds.  Occasionally  a  few  indi- 
viduals remain  through  the  winter. 

766.  Siaiia  sialis  (Linn.).  Bluebird.  V'ery  common  summer  resi- 
dent from  February  to  November.  Breeds.  A  few  individuals  usually  remain 
through  the  winter. 

INTRODUCED  SPECIES. 

Passor  domesticus  (Linn.).  English  Sparrow.  Abundant  perma- 
nent resident.     Breeds. 
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Introduction. 

A  part  of  the  field-seasons  of  1900,  1901  and  1902  was 
devoted  by  the  writer  to  a  study  of  the  manganese  ore-deposits 
of  Georgia.  A  report  embodying  the  results  of  this  study  is 
rM)idly  nearing  completion,  and  when  finished  it  will  be  pub- 
lished as  a  bulletin  of  the  Geological  Survey  of  Georgia.  I 
believe,  however,  the  importance  of  these  deposits  warrants  a 
separate  and  earlier  publication  than  that  made  possible  by  the 
Survey,  in  which  the  more  important  results  of  the  study  are 
briefly  set  forth.  It  is  principally  for  this  reason  that  the  pres- 
ent paper  has  been  prepared. 
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Previous  Work, — Some  of  the  more  important  deposits  of 
manganese  occurring  in  the  Paleozoic  area  of  Georgia  were 
studied  to  some  extent  previous  to  1890  by  Dr.  Penrose  ;'  and 
again  in  the  early  nineties  by  former  State  Geologist,  J.  W. 
Spencer.*  In  a  recent  paper  published  in  the  Transactions,  on 
the  "Geological  Relations  of  the  Iron-Ores  in  the  Cartersville 
District,  Georgia,"  Dr.  Hayes'  briefly  mentions  the  manganese- 
ores  of  the  same  district. 

Distribution  of  the  Manganese-Ores, — Georgia  is  divisible 
into  three  geologically-distinct  areas  which,  named  in  order 
from  southeast  to  northwest,  are  (a),  the  Coastal  Plain ;  (p\  the 
Crystalline  Area;  and  (^),  the  Paleozoic  Group.  The  areas 
are  sharply  marked  one  from  the  other  by  two  strongly  defined 
structural  lines.  First,  the  fall-line,  which  crosses  the  State  in 
a  slightly  south  of  west  direction,  passing  through  or  near  the 
cities  of  Augusta,  Macon  and  Columbus,  separates  the  Coastal 
Plain  sediments  on  the  southeast  from  the  Crystalline  area. 
And  second,  the  Cartersville  overthrust  fault  separates  the 
Crystalline  area  from  the  Paleozoic  area  on  the  northwest.  The 
position  of  both  the  fall  line  and  the  Cartersville  fault  are  indi- 
cated on  the  sketch-map  (Fig.  i)  by  the  heavy  broken  lines. 

The  manganese  ores  are  limited  in  occurrence  to  the  north- 
em  part  of  the  State,  distributed  irregularly  to  some  extent 
over  parts  of  both  the  Paleozoic  and  Crystalline  areas.  The 
commercially  important  deposits  are  confined  to  the  northwest- 
ern part  of  the  State  in  the  Paleozoic  area.  Small  shipments, 
not  amounting  to  more  than  a  few  tons  in  all,  have  been  made 
of  ores  mined  in  different  parts  of  the  Crystalline  area.  No  de- 
posits of  manganese  are  yet  known  to  occur  within  the  limits  of 
the  Coastal  Plain. 

Fig.  I,  a  sketch  map  of  the  northern  half  of  Georgia, 
shows   the  distribution  of  the  manganese-deposits  in  the  State, 


>  ''Manganese:  Its  Uses,  Ores  and  Deposits,"  Annual  Report  of  the  Arkan- 
sas OeoL  Survey,  vol.  i,  p.  417  et  se^. 

*  *«The  Paleozoic  Group,"  Qeol.  Survey  of  Georgia^  1893,  pp.  190-209. 
»  TVflifx.,  XXX.,  403-419  (1901)- 
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indicated  by  the  solid  black  areas.  The  map  further  shows  the 
outline  of  the  areas  covered  by  the  Crystalline  and  Paleozoic 
rocks,  and  the  extreme  northwestern  part  of  the  Coastal  Plain 
along  the  fall-line.  That  part  of  the  Coastal  Plain  indicated  on 
the  map  has  its  greatest  width  in  a  north-south  direction  along^ 
the  eastern  margin,  extending  south  from  Augusta. 

The  manganese-deposits  of  the  two  geologically  different 
areas  are  best  considered  separately  under  I.  The  mangantrse- 
deposits  of  the  Paleozoic  area  ;  and  II.  The  manganese-deposits 
of  the  Crystalline  area. 

I.  The  Manganese-Deposits  of  the  Paleozoic  Area. 

Resume  of  the  Geology  of  the  Paleozoic  Area, 

Position. — The  position  of  the  Paleozoic  area  is  shown  on 
the  accompanying  map  (Fig.  i).  The  area  includes  the  ten 
northwest  counties  of  the  State,  and  is  separated  on  the  east 
ard  south  from  the  Crystalline  area  by  the  Cartersville  ovcr- 
thrust  fault.  It  forms  a  part  of  the  southern  extension  of  the 
great  Appalachian  valley  southwestward  into  Alabama. 

Topography. — The  region  as  defined  above  is  a  long,  nar- 
row belt  in  which  the  valley-type  predominates,  and  the  axis  of 
which  has  a  general  northeast-souihwest  trend.  When  viewed 
in  detail,  it  is  observed  to  be  compostd  of  numerous  subordi- 
nate valleys,  separated  by  more  or  less  extensive  parallel  ridges, 
whose  axial  directions  arc  coincident  with  the  general  trend  of 
the  valley  province.  This  ridge  valley  type  of  topography 
bears  a  definite  relation  to  the  rock-structure  of  the  area.  The 
ridges  mark  the  lines  of  more  resistant  rock,  while  the  valleys 
are  etched  out  of  the  soft  shales  and  limestones.  According  to 
the  character  of  the  rocks  composmg  the  ridges,  and  the  posi- 
tion of  the  beds  with  respect  to  the  honzon,  the  ridges  are 
high  or  low,  rather  broad  and  flat  topped  or  narrow,  and  sharp- 
crested.  The  Knox  dolomite,  one  of  the  most  persistent  for- 
mations in  the  area,  and  of  intermediate  hardness,  forms  a  pla- 
teau of  moderate  elevation  (between  900  and  950  ft.  above  mean- 
tide  level)  whose  surface  is  g*  ntly  undulating,  usually  not 
marked  by  any  sharp  ridges  or  peaks. 


Digitized  by  VjOOQ IC 


Art.  IX.]       Watson,  Manganese  Ore-Deposits  of  Georgia,        1 5 1 

Traces  of  at  least  three  rather  distinct  base-leveled  plains 
appear  in  the  region.  According  to  Hayes^  the  highest  and 
earliest  one  of  these  plains  was  probably  formed  during  Cretace- 
ous time,  and  the  period  of  rest  during  which  the  atmospheric 
forces  were  operative  is  believed  to  have  been  much  longer  than 
that  of  the  formative  period  of  either  one  of  the  subsequent 
plains.  The  present  streams  were  revived  by  the  recent  uplift, 
and  they  are  now  engaged  in  sinking  their  channels  in  the  sur- 
face of  the  last  base-level. 

Fig.  I. 


WataoQ 


Sketch-Map  of  a  Part  of  Georgia,  Showins[  the  Distril'Ution  of  the  Manganese* 
Deposits  (Represented  by  the  Black  Areas). 

Stratigraphy. — The  rocks  of  the  region  range  in  age  from 
lower  Cambrian  to  Carboniferous,  and  they  include  slates,  lime- 
stones,   shales,    sandstones   and   conglomerates.     No   igneous 


*  iitxteenth  Annual  Report  U,  5.  GeoL  Survey^  1895,  P^^t  III.,  pp.  553-554. 
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rocks  are  yet  known  to  occur  within  the  limits  of  the  area. 
The  manganese-deposits  are  limited  to  the  residual  decay  rest- 
ing on  and  derived  from  only  three  of  the  formations,  namely, 
the  Weisner  quartzite,  Beaver  limestone  and  Knox  dolomite. 
These  formations  are^  described  in  sufficient  detail  under  the 
Cartersville  and  Cave  Spring  districts  of  this  paper,  and  they 
need  not  be  repeated  here.     (See  Fig.  2). 

Structure, — ^The  region  is  one  in  which  the  strata  have 
been  thrown  into  great  northeast-southwest  folds  from  horizon- 
tal pressure  applied  in  a  northwest-southeast  direction.  In  ad- 
dition to  the  folding,  continuation  of  the  same  compressive 
forces  resulted  in  fracturing  and  faulting  the  strata  over  most  of 
the  area.  To  the  northwest  of  the  Coosa  valley  the  area  is  one 
of  open  folds,  and  faulting  is  less  conspicuous.  Folds  of  the 
anticlinal,  synclinal  and  monoclinal  types  are  represented  in 
many  examples  of  northeast-southwest-trending  ridges  pre- 
served in  the  harder  and  more  resistant  rocks. 

In  the  region  to  the  south  and  southwest  of  Rome,  the 
structure  is  more  complicated,  largely  by  reason  of  the  folding 
having  been  quite  or  entirely  obliterated  by  subsequent  fault- 
ing, and  by  deposition-overlaps  and  abrupt  lithologic  changes.* 
Two  classes  of  faults,  which  differ  materially  from  each  other, 
characterize  the  area.  These  are  designated  by  Hayes'  as  {a) 
major  thrust  faults,  and  {b)  minor-thrust  faults. 

The  major-thrust  faults  are  characterized  by  great  horizon- 
tal displacement  and  low  inclination  of  the  fault-plane.  Three 
faults  of  this  type  have  been  recognized  and  described  by 
Hayes^  in  this  area,  namely,  the  Coosa,  Rome  and  Cartersville 
overthrust  faults.  In  the  case  of  the  Cartersville  fault,  rocks 
of  probable  Algonkian  age  and  belonging  to  the  Crystalline- 


*  Hayes,  C.  W.,  Bulletin,  Geol.  Soc.  of  America,  1894,  vol.  v.,  p.  472. 
«  Op,  ciL,  pp.  557-560. 

»  Hayes,  C.  W.,  "The  Overthrust  Faults  of  the  Southern  Appalachians," 
Bulletin^  Geol.  Soc.  of  America^  1891,  vol.  ii.,  pp.  141-154;  ''Geology  of  a  Por- 
tion of  the  Coosa  Valley  in  Georgia  and  Alabama,*'  Bulletin,  Geol,  Soc.  of 
America,  1894,  vol.  v.,  pp.  465-480. 
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metamorphic  area  of  the  State,  have  been  overthrust  upon  Si- 
lurian rocks  of  the  Paleozoic  area.  (See  Fig.  j).  These  faults 
bear  no  relation  to  the  manganese -deposits,  and,  therefore,  need 
not  be  more  fully  described  in  the  present  connection. 

The  minor-thrust  faults  characterize  the  southern  part  of 
the  area,  especially  of  the  area  immediately  south  of  Rome  and 
in  the  vicinity  of  Cave  Spring,  and  are  of  the  ordinary  Appa- 
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Generalized  Stratigraphic  Section  of  the  Georgia   Manganese-Area.     (Adopted 
from  Hayes).     Scale,  approximately,  i  in.  =2000  ft. 

lachian  type.  (See  map  of  the  Cave  Spring  district.  Fig.  9.) 
They  have  an  approximate  north-south  direction,  intersecting 
the  main  axis  of  the  region  at  angles  of  30  to  40  degrees,  or 
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thereabouts.  In  length  they  vary  from  3  to  8  miles,  and  they 
cut  the  strata  at  close  intervals  into  narrow  strips,  forming 
monoclinals,  which  dip  steeply  toward  the  east.  The  faults  of 
this  type  in  the  region  already  mentioned  result  in  long  and 
narrow  strips  of  the  underlying  Conasauga  shales,  which  form 
the  narrow  valleys  penetrating  southward  into  the  Knox  dolo- 
mite plateau. 

For  the  reason  that  the  two  types  of  faults  here  distin- 
guished are  seldom  found  intersecting  each  other,  the  faulting 
is  inferred  to  belong  to  different  and,  therefore,  distinct  periods 
of  disturbance. 

The  Cartersville  District, 

One  of  the  principal  manganese-producing  districts  in 
the  Southern  Appalachians  is  in  the  vicinity  of  Cartersville, 
Bartow  county,  Georgia,  about  50  miles  northwest  of  Atlanta. 
Manganese-mining  in  this  district  dates  back  as  early  as  the 
year  1866,  when  550  tons  of  the  ore  are  reported  to  have  been 
mined.  ^  From  that  time  to  the  present  the  Cartersville  district 
has  been  one  of  the  three  principal  producers  of  manganese  in 
the  United  States.  Excepting  the  Cave  Spring  district,  the 
entire  production  of  manganese  in  Georgia  has  been  from  this 
district. 

The  older  crystalline  and  metamorphic  rocks  occupy  the 
east  half  of  the  area  shown  on  the  map  (Fig.  3).  The  Paleozoic 
formations  of  the  valley  province  occupy  the  west  half  of  the 
mapped  area.  The  line  separating  the  two  groups  is  an  irregu- 
lar one,  marking  the  position  ot  the  Cartersville  fault. 

The  succession  of  formations  in  ascending  order,  on  the 
west  side  of  the  Cartersville  fault,  is  as  follows : 

Silurian   .    .      Knox  dolomite.     Cherty  magnesian  limestone, 
f   Conasauga  shale.     Olive  clay  shale,  chiefly. 

Rome   shale   and  sandstone.     Purple,  white,  green    and   brown 


Cambrian     J  Sandstone,  and  interbedded  sandy  shale. 

I  Beaver  limestone.     Blue  siliceous  limestone. 

I  Weisner  quartzite.     Quartzite,  coarse  conglomerate   and 
I         ceous  shale. 


*  Afifurai  Resonrces  of  the  United  States,  1885,  p.  329. 
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Except  the  Knox  dolomite,  all  the  formations  shown  on 
the  map  to  the  west  of  the  Cartersville  fault  belong  to  the  middle 
and  lower  Cambrian.  The  Knox  dolomite  is  here  included  en- 
tirely in  the  Silurian,  although  strong  reasons  appear  for  group* 
ing  the  lower  portion  of  this  formation  with  the  Cambrian.  In 
Figs.  2,  and  9,  the  Knox  dolomite  is  designated  as  partly  Cam- 
brian and  partly  Silurian. 

The  Paleozoic  Rocks  of  the  Cartersville  Disttict  on  the  West  Side 

of  the  Fault, 

The  Weisner  Quartzite. — ^The  Weisner  quartzite  is  in  con- 
tact on  the  east  side  with  the  Cartersville  fault.  The  principal 
area  of  the  quartzite  occupies  the  middle  portion  of  the  map  as 
an  irregular  strip,  having  an  approximate  north-south  extension 
of  about  1 5  miles  and,  in  width,  varying  from  i  to  3  miles.  It 
is  composed  principally  of  a  finegrained  quartzite,  with  addi- 
tional bands  of  a  fine-grained  conglomerate  and  micaceous 
shales.  Wherever  exposed,  the  formation  shows  evidence  of 
intense  folding,  fracturing  and  crushing.  The  absence  of  satis- 
factory exposures,  added  to  the  complex  folding  of  the  beds, 
prevents  an  accurate  estimate  of  its  total  thickness,  but  it  is 
probably  not  less  than  2000  to  3000  ft.  thick  in  this  locality, 
as  stated  by  Hayes. 

Hand-specimens  of  the  Weisner  quartzite,  carefully  col- 
lected by  the  writer  from  the  numerous  outcrops  of  the  entire 
area  exposed  in  Georgia  were  thoroughly  mixed  and  prepared 
as  one  sample,  a  representative  part  of  which  yielded,  at  the 
Pratt  laboratory,  Atlanta,  the  results  shown  below. 

Analysis  of  Weisnet  Quartzite,  Cartersville  District, 

SiO,. 90.36 

TiO,. 0.07 

Al,0„       .-.-...-.  1. 152 

FeA. 0.57 

CaO, 0.27 

MgO,  ----...--  0.27 

MnO.  -...--.-.  None 

Na,0. 0.43 

K,0, 0.16 
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H,0  at  ioo*>  Ci  - 


H,0  above  100®  C, 
FeS^       - 


Total, 


None 
0.31 
1.5a 
4.46 

99.92 


The  Beaver  Limestone, — ^Thc  main  belt  of  the  Beaver  lime- 
stone lies  along  the  western  base  of  the  Weisner  quartzite 
ridges.  A  second,  but  smaller,  area  of  the  limestone  extends 
from  Grassdale  southward  to  the  line  of  the  Western  and  At- 
lantic railroad,  and  is  indicated  near  the  western  margin  of  the 
map.  Exposures  of  the  fresh  limestone  are  rarely  seen,  since 
it  is  readily  soluble,  resulting  in  the  insoluble  residue  forming  a 
thick  mantle  of  deep-red  soil.  The  formation  is  readily  traced, 
however,  from  the  resulting  red  soil.  Fragments  of  the  quartzite 
in  all  stages  of  decay,  derived  from  the  adjacent  higher  quartzite 
ridges  on  the  east,  are  admixed  in  some  quantity  with  the 
decay  derived  from  the  limestone.  The  few  exposures  of  the 
limestone  met  with  indicate  a  semi-crystalline,  gray,  magnesian 
limestone,  containing,  as  Hayes  states,  occasional  masses  of 
chert,  becoming  shaly  in  places.  Hayes*  estimates  the  thick- 
ness of  the  limestone  to  be  not  less  than  800  to  1 200  ft. 

These  two  formations,  the  Weisner  quartzite  and  Beaver 
limestone,  are  of  considerable  importance  as  ore-producing  for- 
mations in  the  Cartersville  district,  as  a  majority  of  the  ore- 
deposits  are  associated  with  them.  The  manganese-ores  occur 
with  about  equal  frequency  in  the  residual  decay  of  the  two  for- 
mations. 

The  Conasauga  Shale, — Next  above  the  Beaver  limestone 
is  the  great  thickness  of  the  Rome  and  Conasauga  sandstone 
and  shale  (Oostanaula  shales  of  Spencer).  The  main  outcrop 
of  the  shale  occupies  the  northwestern  part  of  the  mapped  area. 
A  continuous  band  of  the  exposed  shale  extends  southward 
from  the  main  outcrop  to  the  line  marking  the  position  of  the 
Cartersville  fault.  The  southern  half  of  the  band,  which  ex- 
tends several  miles  in  a  north,  south  and  west  direction  from 
Cartersville,  is  greatly  widened. 

'  Trans,,  xzx.,  406  (1901). 
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Petit  creek,  one  of  the  principal  str^iaiis  in  the  area 
mapped,  takes  its  rise  in  the  Conasau^a  shales  some  10  miles 
north  of  Cartersville,  and  maintains  its  entire  coiirse  southward 
to  the  Etowah  river  on  the  soft  shales. 

In  lithologic  character,  the  shales  vary  froVi  very  fine- 
grained aluminous  or  clayey  rocks  to  somewhat  siliceous  shales 
and  sandstone,  with  the  aluminous  type  predominant.  Numer- 
ous exposures  show  interlayered  thin-  and  thick-bedded  lime- 
stone with  the  shale.  In  color,  the  shales  vary  from  light-drab 
and  yellow  to  dark  blue  slaty,  best  described,  as  a  wiiole,  as 
olive  shales.  The  weathered  shale  is  usually  tinted  some  light 
shade  of  red,  in  marked  contrast  to  the  deep  red  decay  of  the 
limestone.  The  shales  are  much  fractured  and  crushed  from 
the  efifects  of  intense  pressure  metamorphism.  The  thickness 
of  the  formation  is  placed  between  1500  and  3000  ft. 

The  following  analyses  give  a  general  idea  of  the  chemical 
•composition  of  the  shales  in  this  region  : 

Analyses  of  Middle  Cambrian  Shales^  Cartersville  District, 


I. 

II. 

III. 

IV. 

V. 

SiO,,  (free  sand), 
SiOj,   (combined). 

{    55.02 

52.82 

6230 
I  9.30 

39.20) 

19.40  r 

52.82 

AI3O3,         .         -         - 

21.02 

26.17 

11.50 

18.05 

26.17 

FeA.        -         -         - 

5.00 

9.46 

5  59 

8.31 

946 

FeO. 

"  54 

.... 





MnO, 

trace 



0.60 

.... 



CaO, 

1.60 

trace 

none 

none 

trace 

MgO,          -        -        - 

2.32 

1.08 

130 

1.55 

1.08 

Na,0. 

0.81 

0.20 

0.35 

0.33 

0.20 

K,0,           -         -         . 

3.19 

2.71 

4.20 

463 

2.71 

H,Oatiio«C., 

2.44 

f  0.23 

\  (fiygr.) 

0.15 

(hygr.) 

0.40 
(hygr.) 

0.23 
(hyur.) 

HjO  aboTC  iio*»C.,  - 

5.65 

7.00 

3.80 

7.60 

7.00 

TiO„ 

0.65 

_— 

1. 10 

0.68 

---- 

PA.       •      -      ■ 

0.06 

.... 







BaO, 

0.04 

---. 

. 

-— . 

SrO. 

trace 



.... 

--.- 

Li,0, 

0.03 



.... 



.— 

SO,,         .       -       . 

0.02 







<:i.         ... 

trace 

.... 

.... 



-.-. 

CO,, 

0.83 

» 

.... 



•Carbonaceous  matter. 

-      0.32 





.... 

Total, 


100.54 


99.67 


100.19       100.15 


9967 


Digitized  by  VjOOQ IC 


Art.  IX.]       Watson,  Man/ranese  Ore- Deposits  of  Georgia,         159 

I.  Middle  Cambrian  shale.  Coosa  Valley,  near  Blaine,  Cherokee  county, 
Alabarna.  H.  N.  Siokes,  analyst.  Bulletin  No.  l6S,  U.  S.  Geol.  Survey^  1900, 
p.  283. 

II.  Oo<tanaii la  (Conasauga)  shales,  about  2  miles  northwest  of  Carters- 
ville,  Bartow  county,  Georgia.  J.  M.  McCandless,  analyst.  •*  Paleozoic 
Group,'*  Geol.  ."iun/ev  of  Geon^ta^  1^93.  P-  285. 

III.  Light-colored  hydro-mi ja  shale  on  the  ridge  above  the  Etowah  river 
iron  bri<lge,  south  of  Cartersville.  0\  the  bor<ler  of  the  metamorphic  zone. 
••Paleozoic  Group,"  Geol.  Sunjey  of  Georifia,  1893,  p.  284.  J.  M.  McCandless, 
analyst. 

IV.  Light-red  shale,  in  the  vallry  i  mile  southwest  of  Cartersville. 
^'Paleozoic  Group,"  Geol.  Suniey  of  Georgia,  "893,  p.  284.  J.  M.  McCandless, 
analyst. 

V.  Onstanaula  (Conasauga)  shales,  about  2  miles  northwest  of  Carters- 
ville. *'Paleozoic  Group,  Geol.  Swvey  of  Georgia^  1893,  p.  285.  J.  M.  Mc- 
Candless, analyst. 

The  Knox  Dolomite. — The  Knox  dolomite  lies  next  above 
the  Conasauj^a  shales.  The  lower  beds  are  probably  Cambrian, 
but,  owing  to  the  paucity  of  fos.sils  in  them  and  the  striking 
uniformity  in  litholo^ic  character,  the  entire  formation  is  here 
<:lassed  as  Silurian.      Hayes  says  :* 

*  From  the  few  fossils  which  have  been  found,  it  appears  probable  that  a 
tran>iiioii  from  Cambrian  to  Silurian  occurs  in  the  lower  third  of  the  formation, 
but  it  is  generally  impossible  tj  determine  this  line  of  division.    .    .    .  ** 

It  is  a  massively-bedded,  semi-crystalline,  gray-magnesian 
limestone,  containing  abundant  nodules  and  layers  of  chert, 
and  is  one  of  the  most  persistent  formations  in  the  Southern 
Appalachians. 

Weathering  of  the  dolomite,  by  removal  in  solution  of  the 
soluble  calcium  and  magnesian  carbonates,  has  covered  the 
limestone  surface  by  a  prevailingly  thick  mantle  of  insoluble  si- 
liceous clays  abundantly  admixed  with  chert-fragments  and 
masses.  The  residual  clays  derived  from  the  dolomite  are 
often  light  in  color,  containing  comparatively  small  amounts  of 
iron  oxide.  In  many  places,  however,  the  clays  derived  from 
the  limestone  are  deep-red  ferruginous  clays,  containing  much 
iron  oxide.     The  proportion  of  clay  to  chert  varies  considera- 


»  •'Geologic   Atlas  of  the  United  States,"  Rome  Folio,  U.  S.  Geol.  Survey^ 
*902,  p.  3. 
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bly,  but  the  quantity  of  chert  admixed  with  the  clay  is  always- 
large.  It  is  by  means  of  its  residual  material,  especially  the 
chert  nodules  and  masses,  that  the  Knox  dolomite  is  often 
traced,  for  exposures  of  the  fresh  rock  are  seldom  seen  except 
along  the  stream-courses. 

The  magnesian  limestone  has  an  estimated  thickness  of 
3000  to  5000  ft.  As  a  producer  of  manganese-ores,  the  Knox^ 
formation  is,  perhaps,  of  less  importance  in  the  immediate  Car- 
tersville  district  than  either  the  Weisner  quartzite  or  Beaver 
limestone.  Excepting  the  Cartersville  district,  the  Knox  dolo- 
mite is  one  of  the  most  important  ore-producing  formations  in 
the  Georgia  Paleozoic  area,  as  the  extensive  accumulations  of 
bauxite  and  a  part  of  the  iron-  and  manganese-deposits  are  as- 
sociated with  it. 

The  numerous  chemical  analyses  made  from  specimens 
collected  from  the  Knox  formation  over  many  localities  in 
Georgia  show  its  composition  to  vary  within  the  following 
limits : 

SiOt,  3.75   to  7.25;    AltOiand  FetOi,  1.24  to  1.76;    CaCOi, 
34.07  to  53.44;  and  MgCOi,  36.32  to  55.74  per  cent. 

The  Older  Crystalline  and  Metamorphic  Rocks  of  the  Cartersville 
District  on  the  East  Side  of  t/ie  Cat  tersville  Fault. 

Several  types  of  crystalline,  metamorphic  rocks  are  repre- 
sented which  show  wide  variation  in  composition  and,  probably, 
in  age.  Of  these,  the  Corbin  granite-area,  which  occupies  the 
middle  eastern  portion  of  the  map  (Fig.  3),  is  the  most  exten- 
sive. As  mapped,  this  granite  mass  is  a  roughly  oval-shaped 
area  extending  from  Stamp  Creek  P.  O.  on  the  north  to  the 
line  of  the  Western  and  Atlantic  railroad  on  the  south,  and 
continuing  eastward  into  Cherokee  county.  The  granite  is  a 
coarse-grained  porphyritic  rock,  presenting  a  distinct  augen- 
gneiss  facies  in  the  border-portions.  It  is  composed  of  large, 
microcline  phenocrysts  imbedded  in  a  ground-mass  of  blue 
quartz,  plagioclase  feldspar,  augite  and  mica.  Its  composition 
is  shown  in  the  following  analysis,  made  by  Dr.  H.  N.  Stokes, 
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of  specimens  collected  by  Mr.  A.  H.  Brooks  of  the  U.  S.  Geo- 
logical Survey,  i  mile  east  of  Rowland,  Bartow  county,  Geor- 
gia: 

Analysis  of  Granite,  Cartersville  District 


SiO„           .       . 

•        67.98 

TiO,. 

X^*J 

^rcv* 

0.84 

A1,0,.           -        - 

•        14-84 

P.O,. 

034 

Fe,0,            -        - 

I.OO 

MoO. 

trace 

FeO, 

3«5 

B.O. 

0.20 

MgO.            -        -        . 

0.91 

SrO, 

trace 

CO,             -        - 

2.17 

Li,0, 

trace 

N^O.           -       - 

2.66 

s, 

0.08 

K,0.             .       - 

4.76 

CI, 

trace 

H,0-h          -        - 

0.14 

F. 

trace 

H,0-.          -        - 

0.49 

C  (Graphite)', 

0.21 

Total. 

00.77 

Brooks  has  given  the  following  petrographic  data  on  the 
granite  from  this  locality : 

**Contains  microlioe,  some  plagioclase,  abundaot  pyroxene,  partly  altered 
into  chiefly  uralite  and  chlorite,  some  biotite  with  frequenr  inclusions  of  rutile, 
much  blue  vitreous  quartz,  apatite,  zircon  and  magnetite.*' ' 

In  places,  the  border-portion  of  the  granite  mass  is  over- 
lapped by  a  coarse  feldspathic  conglomerate  whose  mineral  con- 
stituents were  evidently  derived  from  the  granite,  since  the  mi- 
crocline  and  the  blue  quartz  of  the  granite  enter  largely  into  the 
composition  of  the  conglomerate.  In  other  places  a  series  of 
black  graphitic  slates  are  in  contact  with  the  granite.  No  fos- 
sils are  known  to  occur  in  the  conglomerates  and  slates,  and  on 
account  of  their  appearance  of  extreme  age,  Hayes'  has  grouped 
them  as  Algonkian  (Ocoee). 

To  the  south  of  the  Corbin  granite-area,  the  conglomerates 
and  slates  increase  in  metamorphism  and  apparently  pass  into 
schists  and  gneisses,  whose  origin,  whether  igneous  or  sedi- 
mentary, is  unknown. 

The  extreme  southeast  corner  of  the  map  (Fig.  3)  com- 
prises narrow  belts  of  granite,  gneiss  and  hornblende  (amphibo- 


>  Clarke,  F.  W.,  BuUetin,  U,  S.  GeoL  Survty,  No.  168,  1900,  p.  55. 
*  Hayes,  C.  W  ,  Trans.,  xxx.,  408  (1901). 
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lite)  schist.  According  to  Hayes.*  both  diabases  and  diorites 
are  represented  in  the  area.  Diorite  is  regarded  as  the  com- 
monest type  of  rock,  and  it  is  now  mostly  altered  into  the  am- 
phiboiite  schist. 

Structural   Features. 

It  is  only  necessary  in  this  paper  briefly  to  call  attention  to 
the  broader  structural  features  of  the  district,  since  the  manga- 
nese deposits  are  limited  to  the  residual  clays  of  several  of  the 
formations,  and  only  in  a  very  general  way  do  they  show  any 
relations  to  tlie  structure  In  his  paper  on  the  iron  ore-deposits 
of  the  district,  Hayes  has  discussed  in  some  detail  and  in  a 
m  >st  excellent  manner  the  structure  ol  the  region,  to  which  pa- 
per the  reader  is  relerred  for  further  details.' 

The  area  has  been  one  of  intense  and  prolonged  disturb- 
ance (compressive  forces)  operating  in  a  northwest-southeast 
direction,  resulting  in  profound  alteration  of  the  rocks, — their 
folding,  crushing  and  fracturing.  In  places,  some  of  the  rocks, 
originally  unlike,  are  so  profoundly  altered  that  they  are  with 
great  difficulty  distinguishable  at  present.  On  the  east  side 
of  the  fault-line  the  rocks  are  mashed  and  squeezed,  and  the 
slaty  and  schistose  structures  strongly  developed,  while  on  the 
west  side  the  rocks  are  complexly  folded  and  fractured.  In 
addition  to  the  folding,  the  Weisner  quartzite  especially  has 
been  much  crushed  and  in  places  brecciated.  probably  indi- 
cating faulting.  Some  of  the  more  massive  formations,  such  as 
the  Knox  dolomite,  resisted  the  folding  to  a  greater  degree 
than  others. 

The  overthrust  fault  which  separates  the  older  crystalline 
rocks  irom  the  Paleozoic  sediments  is  the  principal  structural 
fcaiureof  the  region  Its  position  is  shown  on  the  accompany- 
ing map  (Fig.  3).  where  it  is  observed  to  pass  some  distance  to 
the  east  and  south  of  Cartersville,  from  which  town  it  derives 
its  name.  Its  line  of  contact  is  here  marked  by  the  rocks  of 
the  Ocoee  series  on  the  east  side,  brought  next  to  the  rocks  of 
the  Cambrian  on  the  west  side. 


'  tbiii.y  p.  40S.  •  Op.  at,^  pp.  403-419. 
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TJie  Manganese  Ore-Deposits  of  the  Cartersville  District, 

Mode  of  Occurrence  of  the  Ores. — ^The  manganese-ores  oc- 
cur imbedded  in  the  heavy  mantle  of  residual  material  derived 
from  the  decay  of  the  Beaver  limestone  and  the  Weisner  quartz- 
ite,  and  they  have  nearly  equal  distribution  in  the  decay  de- 

FiG.  5. 


-L 


Sca/f  ofAti/es* 


Topographical  Map  of  the  CartersTille  District,  Georgia.     (Cartersville  Topo- 
graphic Sheet,  U.  S.  GeoL  Survey),     Contour-interval,  100  ft. 
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rived  from  the  two  formations.  The  decay  of  the  Weisner 
quartzite  is  a  gray  to  yellow  siliceous  clay  admixed  with 
fragments  of  the  quartzite  in  all  stages  of  decay ;  that  of  the 
Beaver  limestone  is  a  deep-red  clay,  less  siliceous  than  that  de- 
rived from  the  Weisner  formation,  admixed  with  some  chert- 
fragments;  and,  near  its  eastern  margin  in  contact  with  the 
Weisner  quartzite,  additional  fragments  of  the  latter  rock  are 
found. 

The  ore  is  distributed  through  the  clays  in  an  extremely 
irregular  manner  in  the  form  of  pockets  or  lenticular  masses, 
rarely  as  distinct  beds ;  veins  and  stringers  cutting  the  clays  in 
all  directions ;  as  single  nodules  or  concretionary  masses  assem- 
bled in  the  clays ;  and  as  small  disseminated  grains  scattered 
through  the  clay.  In  places,  the  ore-distribution  in  the  clays 
■conforms  in  a  general  way  to  the  bedding  of  the  inclosing  clays  ; 
usually,  however,  this  is  obscured  and  the  ore-bodies  indiscrim- 
inately cut  in  all  directions.  The  pockets  vary  widely  in  size 
and  number.  They  range  in  size  from  mere  nests  to  bodies  6 
and  more  ft.  thick  and  more  than  30  ft.  long,  and  in  extreme 
cases  may  yield  several  hundred  tons  of  ore.  Rarely  are  they 
composed  of  solid  ore  free  from  the  surrounding  clay,  the  usual 
form  being  that  of  somewhat  thickly-studded  nodules  in  the 
■clays.  They  may  occur  close  together,  or  far  apart,  and  are 
usually  not  in  any  way  connected ;  although  in  many  cases  ir- 
regular stringers  and  small  veins  are  observed  to  lead  from  one 
pocket  to  another.     (See  Figs.  6  and  7.) 

The  ores  are  never  entirely  free  from  inclusions  and  admix- 
tures of  the  inclosing  clays,  a  condition  which  naturally  results 
from  their  method  of  accumulation.  Some  of  the  ores  are,  of 
course,  freer  from  these  mechanical  impurities  than  others,  and 
in  the  purest  ore  the  included  grains  of  silica  and  the  adhering 
clay  are  reduced  to  a  minimum.  The  proportion  of  clay  to  ore 
is  usually  larger  than  in  the  closely  associated  brown  iron-ores. 

Depth  of  the  Residual  Decay, — ^The  depth  of  the  rock- 
decay  varies  greatly,  and  it  is  dependant,  other  things  being 
equal,  on  the  character  and  composition  of  the  rock,  and  on 
the  disposition  of  the  rock-strata.     The  quartzite  of  the  Car 
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tersviUe  district  has  been  much  broken  and  crushed,  and  it  is 
thrown  into  a  series  of  narrow,  more  or  less  steep  folds  or 
ridges,  whose  surface  is  everywhere  covered  to  some  depth 
with  its  residual  decay.  Reefs  of  the  hard  and  fresh  rock  are 
often  exposed  along  the  crests  of  the  ridges,  and  to  some  ex- 
tent exposures  are  frequent  near  the  tops  and  along  the  steeper 
slopes  of  the  ridges. 

Fig.  6. 


Section  in  One  of  the  Openings  on  the  Blue  Ridge  Mining  Co.*s  Property^ 
near  Cartersville,  Georgia,  Showing  the  Mode  of  Occurrence  of  the  Manganese- 
Ore  in  the  Residual  Clay. 

A,  fragments  and  masses  of  partially  decayed  rock  ;  B,  manganese  ore  ;  C, 
residual  clay. 

Horizontal  and  vertical  scale,  I  in.=  17  ft. 

Shafts  have  been  sunk  in  several  places  to  a  depth  of  sev- 
eral hundred  feet  without  piercing  the  bed-rock.  Depths  of 
100  ft.  and  more  in  the  residual- mantle  are  common  in  the  dis- 
trict. In  the  Chumler  Hill  section,  about  8  miles  northeast  of 
Cartersville,  several  shafts  have  been  sunk  to  a  depth  of  more 
than  80  ft.  in  manganese-mining  without  encountering  the  bed- 
rock.    (See  Fig.  ii.) 

Kinds  of  Ore. — Only  the  oxides  of  manganese  occur  in 
the  Cartersville  district.  Of  these,  pyrolusite  and  psilomelane 
greatly  predominate,  with  some  manganite  and  braunite  and 
much  of  the  earthy  oxide,  wad.  These  different  oxides  cannot 
always  be  separated,  but  they  usually  occur  admixed  in  vary- 
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ing  proportions.  With  the  exception  of  the  mineral  wad,  the 
ore  is  usually  partially  or  entirely  crystalline,  of  a  dark  steel- 
blue  color,  and  the  nodular  type  which  prevails  nearly  always 
displays  the  complete  or  partially  layered  or  concentric  structure 
of  concretionary  masses. 

Fig.  7. 
B  B  B 


WatMA 


Section  in  One  of  the  Openings  at  the  Dobbins  Mine,  near  Cartersville, 
Georgia,  Showing  the  Occurrence  of  Manganese-Ore  in  the  Residual  Clays. 
(Modihed  from  Penrose.) 

A,  fragments  and  masses  of  partially  decayed  rock  ;  B,  manganese-ore ;  C, 
residual  clay. 

Horizontal  and  vertical  scale,  i  in.  =  lo  ft. 

Associated  Ore- Deposits. — Extensive  deposits  of  brown 
iron-ore  and  gray  or  specular  hematite,  yellow  ocher,  and  to  a 
less  extent  barite  and  bauxite  occur  somewhat  closely  associa- 
ted with  the  manganese-ores.  Of  these  the  deposits  of  iron-ore 
and  yellow  ocher  have  been  extensively  mined.  The  bauxite 
and  barite  are  of  less  importance,  since  the  former  is  only  spar- 
ingly found  within  the  limits  of  the  district,  and  the  latter, 
while  more  abundant,  is  not  sufficiently  concentrated  to  admit 
of  profitable  working.  These  are  again  referred  to  at  some 
length  in  a  subsequent  part  of  this  paper  under  the  origin  of 
the  manganese-ores. 

Manganiferous  Iron-Ores, — ^The  beds  of  brown  iron-ore, 
which  is  the  prevailing  type  of  iron-deposit  in  the  district,  are 
usually  distinct  from,  though  occurring  in  close  relation  with» 
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the  manganese-ores.  The  oxides  of  iron  and  manganese  are 
often  found  admixed  in  different  proportions  in  the  same  bed. 
Between  the  two  extremes  of  pure  iron-ore  and  pure  manga- 
nese-ore occur  all  gradations  in  the  admixture  of  the  two  oxides. 
In  some  of  the  beds  the  two  materials  are  homogeneously 
mixed,  giving  the  appearance  of  a  manganese  ore  when  the 
iron  is  present  in  small  quantity,  and  of  the  usual  brown  hema- 
tite-ore when  manganese  is  in  small  quantity.  In  still  other 
cases  the  beds  of  iron-ore  are  found  incrusted  in  places  at  the 
sur(ace  for  only  a  slight  depth,  with  the  oxide  of  manganese, 
which  on  being  opened  proves  to  be  a  good  deposit  of  iron-ore 
and  not  manganese. 

Analyses  of  the  iron-ores  invariably  show  small  percentages 
of  manganese,  and  conversely  the  manganese-ores  show  varying 
percentages  of  iron,  with  intermediate  gradations  in  which  the 
two  oxides  are  present  in  nearly  equal  amount,  forming  a  good 
grade  of  manganiferous  iron-ore.  These  gradations  are  shown 
to  some  extent  in  the  following  partial  analyses  of  samples  of 
the  ores  from  this  district: 

Analyses  of  Cartersville  Iron-  and  Manganese-Ores. 


I. 

II. 

III. 

IV. 

V. 

VI. 

VII. 

VIII. 

Manf^anese, 

-    41.98 

36.00 

25.09 

15.26 

60.61 

2.30 

54.94 

56.40 

Iron, 

16.22 

16.88 

29.17 

39.25 

1.45 

52.02 

3.62 

1.29 

Phosphorus, 

.    0.227 

0.14 

0.155 

0.193 

0.052 

024 

0.034 

0.158 

Chemical  Composition. — The  hundreds  of  commercial 
analyses  of  the  Cartersville  manganese  ores  indicate  that  the 
ores  do  not  differ  essentially  from  similar  high  grade  ores  oc- 
curring elsewhere.  The  average  in  metallic  manganese  in  the 
better-grade  ores  is  uniformly  high,  with  correspondingly  low 
iron,  silica  and  phosphorus.  Silica  will  usually  average  low  in 
those  cases  where  the  ore  has  been  properly  cleansed.  It  rarely 
ranges  above  10  per  cent.,  and  is  usually  much  below  this,  av- 
eraging from  2  to  5  per  cent.  Of  course,  in  many  of  the 
lower-grade  ores  the  silica  will  average  considerably  above  10 
per  cent.  The  phosphorus  in  the  Cartersville  ores  is  rarely 
high  enough  to  detract  from  the  value  of  the  ore.  The  average 
in  this  ingredient  for  the  better-grade  ores  of  the  district  is 
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from  o.  10  per  cent,  to  o.  15  per  cent.,  rarely  rising  above  0.25 
per  cent. 

Individual  Properties. — No  attempt  will  be  made  in  this 
paper  to  discuss  or  describe  individual  properties.  These  will 
be  described  in  detail  in  a  forthcoming  report  by  the  writer,  to 
be  published  by  the  Geological  Survey  of  Georgia.  Among 
some  of  the  more  important  properties  in  the  district  which 
have  yielded  much  ore  of  superior  quality  may  be  mentioned 
the  Blue  Ridge  Mining  Company  (formerly  known  as  the  Eto- 
wah Mining  Company),  the  Dobbins,  the  Georgia  Manganese 
and  Iron  Company,  the  Milner-Harris,  the  Satterfield,  the  John 
P.  Stegall,  the  Chumler  Hill  and  the  Southern  Mining  Com- 
pany. Innumerable  single  lots  of  land,  distributed  over  all 
parts  of  the  district  and  owned  by  different  individuals,  have 
produced  large  quantities  of  high-grade  ore,  but  the  lack  of 
space  forbids  their  mention  by  name. 

The  Cave  Spfing  District. 

The  Cave  Spring  district  occupies  the  southwest  part  of 
Floyd  county  and  the  northwest  corner  of  Polk  county,  Geor- 
gia. The  town  of  Cave  Spring,  from  which  the  district  takes 
its  name,  is  within  six  miles  of  the  Alabama-Georgia  line,  about 
1 5  miles  southwest  of  Rome.  The  ore-deposits  of  manganese 
extend  about  5  miles  south  of  the  town  into  Polk  county,  and 
continue  northeastward  from  the  town  for  a  distance  of  7  or  8 
miles  in  Floyd  county.  Practically  the  entire  production  of 
manganese  ores  in  Georgia  has  been  from  the  Cartersville  and 
Cave  Spring  districts. 

Topography. — ^The  topography  of  the  Cave  Spring  area  is 
shown  on  the  accompanying  map  (Fig.  8).  The  region  is  one 
in  which  the  topography  is  strikingly  shown  to  be  dependent 
on  the  structure  and  character  of  the  underlying  rocks.  The 
strata  are  broken  by  numerous  approximate  north-south  faults 
of  the  ordinary  Appalachian  type,  resulting  in  monoclinal 
blocks,  which  dip  somewhat  steeply  to  the  east  and  southeast. 
Faulting  has  brought  the  underlying  shale  to  the  surface  in 
contact  with  the  overlying  Knox  dolomite,   and  valleys  are 
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etched  out  of  the  soft  shale,  penetrating  to  some  extent  the 
harder  and  more  resistant  Knox  dolomite.  These  features  are 
well  developed  in  the  vicinity  of  Cave  Spring  and  are  shown 
again  in  the  northeast  corner  of  the  map  (Fig.  9). 

Fig.  8. 


Scale  of  MUes. 


Topographical  Map  of  the  Cave  Spring  District,  Georgia.    (Topographic  Sheet, 

Rome  Folio,  U.  S.  Geol,  Survey),      Com  ur-interval,  100 ft. 

Scale,  0.5  in.'=  I  mile. 

To  the  east  of  a  liiie  drawn  through  the  town  of  Cave 
Spring  the  area  is  underlaid  by  the  Knox  dolomite.  Surface- 
erosion  is  relatively  slower  over  this  part  of  the  area,  on  ac- 
count of  the  larger  proportion  of  chert  contained  in  the  dolo- 
mite, than  in  other  parts  underlain  by  softer  and  less  resistaut 
rocks.  The  surface  is  generally  hilly  and  stands  several  hun- 
dred feet  above  the  valley-floors  of  softer  rock.     It  forms  a 
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broad  plateau,  averaging  slightly  below   1000  ft.  in  elevation. 

In  the  extreme  southwest  comer  of  the  map  (Fig.  9),  the  hard 

and  resistant  massive  Weisner  quartzite  is  exposed  as  a  high 

ridge,  known  as  Indian  mountain,  which  lies  almost  entirely  in 

Alabama.     Traces  of  the  same  base-levels  are  preserved  in  the 

rocks   of  this  area  as  those   mentioned   in   the  region  farther 

north. 

Fig.  q. 


sf^^ 


Geological  Map  and  Section  of  the  Cave  Spring  District,  Georgia.  (Rome  Folio, 

U.  5.  Geol.  Survey.) 
Scale,  0.5  in.  =  i  mile. 

Stratigraphy. — ^The  same  rock-sequence  is  observed  here 
as  in  the  Cartersville  area.  (See  Fig.  2).  The  same  forma- 
tions are  represented  in  the  two  areas,  with  only  slight  varia- 
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tions  indicated  in  the  general  character  and  thickness  of  the 
rocks.  These  formations  have  been  described  in  sufficient  de- 
tail under  the  Cartersville  district,  and  will  not  be  repeated 
here.  The  Knox  dolomite  of  the  Cave  Spring  district  needs 
further  description,  since  it  is  the  only  formation  in  the  area 
with  which  the  manganese-ores  are  associated. 

The  Knox  dolomite  is  vastly  the  most  extensive  formation 
in  the  district.  The  percentage  of  chert  is  much  larger,  and 
the  cherty  masses  and  fragments  are  larger  in  size  than  else- 
where for  this  formation.  In  places,  the  limestone  appears  to 
be  largely  replaced  by  layers  of  the  massive  chert.  Its  surface 
is  very  generally  strewn  with  the  chert,  and  the  deep-red  clays 
derived  from  the  limestone  are  heavily  charged  with  the  chert- 
fragments  in  all  stages  of  decay. 

Fig.   10. 


Section    ia    Knox   Dolomite,  2  miles   East   of  Kingston,  Georgia,  Illustrating 

Weathering  of  the  Magnesian  Limestone.     (Modified   from   Spencer.) 

A,  residual  clay  ;  B.  fresh  magnesian  limestone. 

Structure. — Referring  again  to  the  map  (Fig.  9),  it  is  ob- 
served that  nearly  the  entire  southeast  part  is  occupied  by  the 
massive  Knox  dolomite,  which  resisted  the  sharp  folding  mani- 
fested in  some  of  the  other  formations.  The  remaining  part  of 
the  map  indicates  numerous  faults  cutting  the  strata.  These 
are  mostly  of  the  minor-thrust  type,  intersecting  the  Knox 
dolomite  and  the  Conasauga  shale,  arid  they  expose  at  the  sur- 
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figure  the  soft  shales  in  long  and  narrow  north-south  strips, 
forming  narrow  valleys  among  the  dolomite  hills.  The  fault- 
blocks  overlap  each  other,  with  rather  steep  dips  toward  the 
east  and  southeast. 

Chatacter  of  the  Residtial  Decay. — ^The  manganese  ores  of 
the  Cave  Spring  area  are  entirely  limited  to  the  residual  clays 
derived  from  the  decay  of  the  Knox  dolomite.  The  decay 
from  this  formation  only  will  be  considered.  The  ore-bearing 
clay  is  usually  of  a  deep-red,  chocolate  or  brown  color,  with 
lighter  tints  occurring.  It  is  soft  and  plastic  when  wet,  and  is 
generally  associated  with  much  siliceous  material  in  the  form  of 
chert,  subject  to  wide  variation  from  place  to  place.  Its  depth 
is  variable  and,  in  places,  the  moderately  fresh  cherty  limestone 
is  exposed  as  broken  reefs  on  the  ridge-tops.  In  other  places 
on  the  ridge-tops,  excavations  in  mining  expose  the  hard  rock 
at  depths  varying  from  10  to  30  ft.;  and,  in  still  other  places 
on  the  same  ridges,  rock  is  not  encountered  at  depths  of  50  to 
60  ft. 

Massive  cherty  layers  or  beds  are  of  more  frequent  occur- 
rence in  the  limestone  of  this  area  than  for  the  same  formation 
at  other  points  in  northwest  Georgia.  Here  the  chert  attains 
considerable  thickness,  and,  at  times,  almost  entirely  replaces 
the  limestone.  Uusually  the  chert  is  a  white  or  gray  rock, 
sometimes  brown,  rarely  black,  and  is  often  encrusted  with  a 
film  or  coating  of  the  black  oxide  of  manganese.  The  relation 
of  the  chert  and  limestone  is  well  illustrated  along  the  ridges  to 
the  southeast  of  the  town  of  Cave  Spring,  where  the  rocks  dip 
to  the  southeast,  with  the  limestone  forming  the  lower  part  of 
the  hills  and  the  chert  the  upper  part. 

Manganiferous  Chert  Breccia. — ^The  very  intimate  associa- 
tion of  the  chert  and  ore  has  resulted  in  the  formation  of  much 
breccia,  composed  of  the  angular  chert-fragments  cemented  in  a 
manganese-oxide  matrix.  This  seems  to  have  originated  in 
most  cases  from  the  infiltration  of  surface-waters  containing- 
manganese  in  solution.  The  occurrence  of  the  chert-breccia 
beneath  the  clay  covering  is  excellently  illustrated  in  some  of 
the  excavations  on  the  ridge  above  the  Cedar  creek  valley,  and 
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again  in  the  openings  on  Reynolds  mountain,  8  miles  northeast 
of  Cave  Spring.      (See  Fig;  15.) 

Manganiferous  Stained  Ckett. — Where  the  chert  is  mixed 
in  large  proportion  with  the  ore-bearing  clays,  it  is  often  more 
or  less  stained  with  the  manganese.  This  may  occur  as  thin 
films  or  layers  of  the  manganese  oxide  coating  the  loose  chert- 
fragments,  or  as  stringers  and  veinlets  filling  the  cracks  in  the 
-chert.  The  proportion  of  staining  to  chert  is  quite  variable. 
In  many  cases  it  amounts  to  only  a  mere  film ;  in  others,  the 
veins  filling  the  cracks  are  quite  thick.  This  has  resulted  from 
the  free  percolation  of  manganese-bearing  waters  through  the 
loose  cherty  clays.  Sometimes,  that  part  of  the  chert  not  im- 
pregnated has  been  entirely  or  partially  removed  by  decay, 
leaving  a  mass  of  siliceous  manganese-ore  of  various  shapes. 

Occurrence  of  the  Ores. — ^The  occurrence  of  the  manganese 
in  this  area  is  closely  similar  to  that  in  the  Cartersville  district, 
already  described.      (See   Figs.  6.  7  and  15.)     The  ores  differ 

Fig.  II 


Section  through  the  Chumler  Hill  Mine,  Georgia,  Showing  the  Mode  of 

Occurrence  of  the  Manganese-Bearing  Clay.     (After  Penrose.) 

A,  sandstone  ;  B,  manganese-bearing  clay. 

Horizontal  scale,  I  in.  ^  ^  mile.     Vertical  scale,  i  in.  =  400  ft. 

principally  in  occurrence  from  those  in  the  Cartersville  district 
in  {a)  their  intimate  association  ]with  the  cherty  beds  and  clays 
of  the  upper  part  of  the  Knox  dolomite,  in  {b)  being  limited  to 
the  residual  clays  derived  from  only  one  formation,  and  {c)  be- 
ing stratigraphically  above  those  of  the  Cartersville  district,  oc- 
curring in  the  clays  of  the  Knox  dolomite  and  not  found  at  all 
in  the  clays  of  the  Weisner  quartzite  and  Beaver   limestone. 
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which  are  the  ore-bearing  formations  in  the  Cartersville  district. 
The  ore-occurrence  in  the  residual  clays  is  identical  for  the  two 
•districts.  In  the  Cave  Spring  district  the  ore  has  been  observed 
penetrating  and  filling  the  cracks  in  the  partially  decayed  rock 
below  in  all  directions  with  much  the  appearance  of  brecciated 
masses. 

Associated  Ore-Deposits. — Beds  of  brown  iron- ore  are  fre- 
quently found  in  close  relation  with  the  manganese-ores.  They 
are  much  more  extensive  and  more  constant  than  those  of  man- 
ganese, and  the  iron  displays  a  greater  tendency  to  a  bedded 
form  and  a  less  tendency  to  the  nodular  form.  The  region  in 
the  vicinity  of  Cave  Spring  and  Cedartown  is  probably  the 
largest  brown  iron-ore-producing  area  in  the  State.  A  few 
scattered  deposits  of  bauxite  occur,  but  this  mineral  is  less 
closely  associated  with  the  manganese  than  are  the  beds  of  iron- 
ore. 

Chemical  Composition, — Only  the  oxides  of  the  metal  occur, 
the  principal  ones  of  which  are  psilomelane  and  pyrolusite. 
Admixed  with  these  two  oxides  occur  varying  smaller  percent- 
ages of  several  of  the  other  oxides,  especially  braunite.  The 
following  chemical  analysis  of  specimens  of  the  purer  ore  col- 
lected from  the  mine  of  Major  Couper,  south  of  Cave  Spring, 
and  analyzed  by  Mr.  Britton,  will  indicate  the  general  character 
of  the  ores. 


Analysis  of  Manganese- 0 

^te^  Cave  Spring. 

Metallic  manganese, 

53-44 

Ferric  oxide. 

2.83 

Ban  am  oxide, 

8.62 

Silica,            .... 

7.79 

Alumina, 

1.52 

Lime, 

0.08 

Phosphoric  acid. 

0.147 

Water, 

1.56 

Oxygen  with  manganese,  undet.,  el 

c. 

24.013 

Total,     -            .            .            -            - 

100.000 

Other  Manganese- Deposits  of  the  Paleozoic  Group. 
Under  this  heading  are  included   certain    centers   about 
which  are  grouped  a  few  scattered  deposits  of  manganese-ores. 
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These  centers  are  found  over  parts  of  the  northeastern,  eastern 
and  southern  portions  of  the  Paleozoic  area.  Many  of  the  de- 
posits have  been  worked  to  some  extent,  but  in  most  cases  the 
work  has  not  progressed  beyond  the  stage  of  test-openings.  In 
some  cases,  no  openings  of  any  nature  have  been  made,  but 
strong  surface-indications  appear,  which  may  or  may  not  imply 
workable  deposits  below  the  surface.  Small  shipments  of  the 
ore  have  been  made  from  a  number  of  the  openings,  but  as  yet 
these  scattered  accumulations  of  the  ore  have  proved  of  little 
or  no  commercial  importance.  Further  developments  in  some 
of  the  localities  may,  perhaps,  lead  to  important  concentrations 
of  workable  ore.  The  mode  of  occurrence,  association  and  the 
mineral  character  and  form  of  the  ores*  are  the  same  as  de- 
scribed in  the  Cartersville  and  Cave  Spring  districts. 

The  following  localities  include  the  list  of  these  scattered 
ores :  In  the  vicinity  of  Ligon  P.  O. ,  in  the  extreme  southwest 
comer  of  Bartow  county,  about  12  miles  west  of  Cartersville; 
near  Rome  and  Lindale,  in  Floyd  county ;  in  Big  Texas  Val- 
ley, 12  miles  northwest  of  Rome,  in  Floyd  county  ;  the  Bams- 

Fig.  12 


Section  through  the  Barnsley  Tract,  Georgia,  Showing  Manganese-Bearing 

Chert-Bed.     (Modified  from  Penrose.) 

A,  chert  and  cherty  limestone  ;  B,  limestone;  C,  shale. 

Horizontal  scale,  i  in.  =  500  ft.     Vertical  scale,  i  in.  =  200  ft. 

ley  estate  and  vicinity,  in  the  northwest  part  of  Bartow  county 
and  the  adjacent  part  of  Floyd  county,  17  miles  northwest  of 
Cartersville  ;  and  the  Tunnel  Hill  district,  in  Whitfield  and  Ca- 
toosa counties. 

Attention  is  briefly  called  to  the  deposits  in  two  of  these 
localities. 

The  Ltndale  Deposit, — Extending  southward  from  Lindale 
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is  a  long,  narrow  strip  or  belt  of  shale  which  marks  the  position 
of  a  valley  for  several  miles  in  a  north-south  direction.  The 
western  margin  of  the  valley  marks  the  position  of  a  minor- 
thrust  fault,  and  to  the  eastward  across  the  valley,  about  %  of 
a  mile,  the  shales  are  overlain  by  the  heavy  beds  of  cherty 
limestone.  The  ridge  is  a  low  one,  averaging  more  than  100 
ft.  in  elevation  along  its  highest  portions,  and  its  surface  is  ir- 
regular and  broken  by  erosion.  In  places,  it  is  covered  with 
chert-fragments  of  all  sizes  in  various  stages  of  decay.  (See 
Figs.  13  and  14.) 

About  5^  of  a  mile  south  of  Lindale,  on  the  west  slope  of 
the  valley  and  about  40  ft.  above  the  valley-bottom,  a  number 
of  openings  were  made  in  the  residual  cherty  clay,  derived  from 
the  decay  of  the  Knox  dolomite,  for  manganese.  Red,  yellow, 
white,  buff  and  purple-colored  clays  make  up  the  residual  cov- 
ering in  which  the  manganese  openings  were  dug.  Red  clay 
is  the  surface  covering,  and  will  average  less  than  5  ft.  in  thick- 
ness.      The    underlying   yellow    clay    which    predominates   is 

Fig.  13 


Cross-Section  of  Valley,  ^  mile  South  of  Lindale,  Floyd  Co.,  Georgia, 
Showing  the  Position  of  the  Manganese-Deposit  and  the  Relations  of  the  Un- 
derlying Rocks. 

A,  residual  clay,  containing  admixed  chert  and  partially  decayed  rock-frag- 
ments ;  B,  Knox  dolomite;  C,  Conasauga  shale.     The  hlack  area  is  manganese. 

highly  siliceous  and  freely  mixed  with  large  and  small  chert- 
fragments,  usually  in  an  advanced  stage  of  decay.  The  clays 
usually  show  partial  stratification,  the  bedding  planes  conform- 
ing in  a  general  way  with  the  ridge-slope.  They  thin  toward 
the  top  of  the  ridge  and  are  the  thickest  in  the  valley. 

The  ore  is  distributed  through  the  clay  in  the  form  of 
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stringers  and  masses  only  a  few  inches  in  thickness,  which  cut 
the  clay  in  all  directions,  conforming  at  times  with  the  bedding- 
planes.  Many  of  the  stringers  are  composed  of  quartz,  around 
and  along  which  the  ore  is  deposited  as  impregnations,  incrus- 
tations, and  as  nodules  and  gravel.  A  goodly  proportion  of 
the  gravel  and  nodular  types  of  the  ore  is  distributed  through 
the  clays  without  any  apparent  relation  to  the  chert-fragments 
and  masses.  In  most  cases,  however,  the  ore  is  closely  asso- 
ciated with  the  chert,  varying  from  impregnations  as  seams  of 
knife-edge  thickness  to  a  ground-mass  of  ore  cementing  the  par- 
tially fresh  and  decomposed  chert-fragments.  (See  Fig.  15.) 
The  form  of  breccia-ore  commonly  occurring  in  this  locality  is 
shown  in  Fig.  15.  The  proportion  of  chert  to  ore  of  the 
breccia-mass  varies  widely,  from  a  mere  film  of  manganese  ox- 
ide, filling  the  cracks  of  the  shattered  chert  and  binding  them 
together,  to  those  in  which  the  largest  bulk  of  the  mass  is  ore 
containing  but  few  small  chert-fragments. 

Fig.  14 


Section  in  One  of  the  Openings  at  the  Lindale  Mine,  4  Miles  South  of  Rome, 
Georgia,  Showing  the  Mode  of  Occurrence  of  the  Manganese-Ores. 
A,  ore-bearing  clay.    The  black  areas  are  manganese.     The  irregular  areas 
with  straight  parallel  lines  are  fragments  of  chert  and  sandstone,  the  cracks  of 
which  are  filled  with  manganese  oxide. 

The  Tunnel  Hill  District, — ^The  Tunnel  Hill  district  in- 
cludes the  contiguous  parts  of  Whitfield  and  Catoosa  counties 
in  the  northeast  part  of  the  Paleozoic  Group.  In  structure  and 
topography  the  area  quite  closely  resembles  certain  parts  of 
the  Cave  Spring  district  already  described.  The  rocks  include 
shales,  sandstones  and  limestones,  and  in  age  they  range  from 
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Cambrian  to  Carboniferous.  Several  faults  of  the  minor-thrust 
type  cut  the  rocks  at  close  intervals.  The  ores  are  limited  to 
the  residual  decay  derived  from  an  underlying  long,  narrow  belt 
of  Knox  dolomite,  marking  the  position  of  a  dissected  chain  of 
ridges  trending  northeast-southwest.  This  belt  of  the  Knox 
formation  is  included  between  two  faults,  and  is  in  contact  on 
the  east  and  west  sides  with  the  Rome  shales  and  sandstones. 
In  1890,  the  Catoosa  Mining  Company  made  extensive 
preparations  for  mining  manganese  on   its  property,    located 

Fig,  15. 


wnw** 


Drawings  Illustrating  the  Formation  of  Manganese- Breccia  Ore  in  the 
Lindale  and  Cave  Spring  Deposits,  Floyd  Co.,  Georgia.  Manganese  oxide  is 
represented  by  the  black  lines  and  areas.  The  white  areas  are  fragments  of 
chert  and  sandstone.  Attention  is  directed  to  the  increase  in  the  proportion  of 
manganese  to  rock  in  passing  from  No.  i  to  No.  4. 

about  2  miles  north  of  Tunnel  Hill,  a  station  on  the  Western 
and  Atlantic  railroad.  A  manganese-plant  equipped  with  the 
necessary  modem  machinery  was  built,  and  a  number  of  miles 
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of  railroad  were  laid  from  the  mill  to  the  openings.  Less  than 
30  cars  of  ore,  including  manganese  and  manganiferous  iron-ore, 
were  ishipped. 

Openings  were  made  along  the  magnesian  limestone  ridge 
for  a  distance  of  6  miles  northeast  of  Tunnel  Hill.  One  shaft 
was  sunk  to  a  depth  of  210  ft.  in  the  residual  cherty  clays  with- 
out striking  the  bed-rock,  and  a  number  of  others  were  put 
down  to  a  depth  of  more  than  100  ft.  with  the  same  result.  A 
1 50-ft.  shaft  is  reported  to  have  passed  through  manganiferous 
iron-ore  for  most  of  its  depth. 

The  occurrence  and  character  of  the  ore  closely  resemble 
that  of  the  Cartersville  district.  The  ore  is  mostly  composed 
of  botryoidal  or  kidney-shaped  nodules,  ranging  from  i  to  12 
and  more  in.  in  diameter,  usually  with  a  crystalline  interior. 
The  best  exposures  of  the  ore  were  observed  in  the  cuts  near 
the  northern  limits  of  the  property. 

The  openings  nearest  Tunnel  Hill  show  brown  hematite 
and  manganiferous  iron-ore,  much  of  which  is  of  the  breccia- 
type.  The  brown  ifon-ore  is  in  close  relation  with  the  manga- 
nese, but  is  more  abundant,  occurring  in  the  form  of  pockets 
and  lenticular  layers  as  much  as  20  ft.  thick.  The  manganese 
and  iron  occur  in  many  places  admixed  as  manganiferous  iron 
ore ;  at  other  places  they  occur  as  separate  and  distinct  ores  in 
the  same  deposit ;  and  at  others  still  they  occur  as  separate  de- 
posits without  any  admixture  of  each  other. 

Origin  of  the  Manganese- Of  es  in  the  Paleozoic  Afea, 

The  stratigraphic  position  of  the  ores  has  been  shown  to 
be  in  the  decay  derived  from  and  resting  on  three  different  for- 
mations belonging  to  the  Cambro-Silurian,  namely,  the  Weisner 
quartzite,  Beaver  limestone  and  Knox  dolomite.  The  ores 
occur  with  about  equal  frequency  in  the  decay  derived  from 
the  three  formations. 

The  character  and  depth  of  the  decay  and  mode  of  occur- 
rence, including  distribution,  of  the  ores  in  the  clay,  have 
already  been  described  in  some  detail,  and  need  not  be  re- 
peated here.     While  faulting  is  a  characteristic  structural  fea- 
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ture  of  the  region,  the  distribution,  occurrence  and  nature  of 
the  ores  preclude  any  connection  or  relationship  to  these  lines 
of  breakage.  The  region  is,  furthermore,  one  of  extensive  and 
closely  associated  ore-deposits  of  different  mineral  types,  and 
each  type  is  of  considerable  commercial  importance.  These 
have  been  separately  and  independently  studied  by  different 
geologists  in  recent  years,  and  while  the  deposits  are  closely 
associated,  they  have  been  shown  to  bear  no  genetic  relation- 
ship to  each  other.  It  is  necessary  here  to  make  clearer  this 
association  of  deposits. 

The  more  important  associated  deposits  consist  of  brown 
iron-ore,  yellow  ocher  and  bauxite.  The  deposits  of  iron-ore 
all  contain  traces  of  manganese,  and  most  of  the  manganese 
contains  traces  of  iron,  but  the  principal  deposits  of  the  two 
metals  are  quite  distinct  from  each  other.  According  to  origin 
several  distinct  types  of  limonite  or  brown  iron-ore  occur  in 
association  with  the  manganese  in  the  Paleozoic  area,  grouped 
by  Hayes*  as  (i)  Gossan-ores;  (2)  Tertiary  gravel-ores ;  (3) 
Concentration-deposits;  and  (4)  Fault- deposits.  Other  forms 
of  iron-ores  occur,  but  they  are  of  less  importance  within  the 
immediate  manganese  districts.  Only  the  concentration  and 
fault-deposits  concern  the  discussion  of  the  genesis  of  the  man- 
ganese accumulation. 

Hayes  refers  to  the  concentration-deposits  of  the  Carters- 
ville  district  as  follows :  ^ 

"At  various  times  these  valleys  [limestone]  have  received  the 
drainage  not  only  from  the  adjacent  quartzite  and  limestone,  but  prob- 
ably, also,  from  other  of  the  valley  formations ;  and  the  widely  dissem- 
inated iron  leached  from  these  formations  during  the  process  of  decay 
has  been  transported  to  the  limestone  valley,  and  there  concentrated 
upon  the  underlying  impervious  quartzite." 

The  principle  underlying  the  genesis  of  the  concentration- 
deposits  is  well  expressed  in  the  following  sentence  by  Hayes :  ^ 
•*They  may  occur  wherever   a  limestone   is  underlain  by  an  in- 


*  Trans.,  xx\.,  p.  411  (1901). 
'  Ibid.,  pp.  4<2-4i3- 
»  Ibid.,  p.  412. 
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soluble  and  impervious  stratum,  such  as  sandstone  or  quartzite/* 
He  further  says '} 

"Favorable  conditions  for  this  accumulation  occur  in  northwest 
Georgia  and  Alabama,  at  the  contact  of  the  lower  Carboniferous  lime- 
stones with  sandstones  which  sometimes  underlie  it,  and  at  the  contact 
of  the  Beaver  limestone  with  the  underlying  Weisner  quartzite." 

The  second  type  of  iron-ore  deposits  of  the  area  is  that 
genetically  related  to  the  faults  which  intersect  the  strata  and 
are  designated  by  Hayes  as  fault-deposits. 

The  yellow  ocher-deposits  are  closely  associated  with  those 
of  manganese  in  the  Cartersville  district ;  and  also  with  the 
iron-ores  of  the  same  area.  Beginning  at  a  distance  of  about 
3  miles  southeast  of  Cartersville,  the  ocher-belt  has  a  northward 
extension  of  7  to  8  miles,  confined  exclusively  to  the  Weisner 
quartzite,  which  has  been  greatly  fractured  and  faulted.  The 
occurrence  of  the  ocher  is  entirely  in  the  nature  of  replacement- 
deposits  in  the  shattered  quartzite,  — the  silica  of  the  quartzite 
having  been  removed  in  solution  and  the  hydrated  ferric  oxide 
substituted.* 

The  last  type  of  ore-deposit  in  the  area  that  needs  mention 
is  bauxite.  The  ore-bodies  are  distinct  pocket  deposits,  having 
the  vertical  and  lateral  dimensions  about  equal,  and  they  are 
inclosed  in  the  residual  clays  derived  from  the  decay  of  the 
Knox  dolomite.  They  were  first  shown  by  Hayes,*  and  after- 
wards corroborated  by  the  writer,*  to  represent  accumulations  of 
hydrated  aluminum  oxide  in  vents  or  springs  along  the  lines 
of  numerous  faults  which  intersect  the  area.  The  source  of  the 
alumina  was  from  below,  in  the  underlying  aluminous  shales  of 
the  Conasauga  (Cambrian)  formation,  and  was  taken  in  solution 
by  hot  ascending  acidulated  waters  circulating  along  the  lines 
of  fracture. 


>  Jbid.t  p.  412. 

•  Ibid.,  pp.  415-418. 

»  Hayes,  C.  W.,  Sixteenth  Annual  Report  U.  S.  GeoL  Survey,  1895,  P*rt  III., 
pp.  587-591. 

*  WatsoD,  Thomas  L.,  American  Qeolo^ist^  1901,  vol.  xxviii,  pp.  25-45. 
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Enough  detail  has  been  given  to  show  the  non-relationship 
genetically  between  the  manganese  and  the  other  ore-deposts. 
We  must  look,  therefore,  to  an  independent  theory  for  the 
genesis  of  the  manganese.  The  theory  which  best  accords  with 
the  facts  as  the  writer  has  interpreted  them  is,  with  some  modi- 
fication,   that   essentially   outlined  previously  by  Penrose.  ^    It 

Fig.  16. 


Wataon 


Section  through  the  Stratham  Tract,  near  Draketown,  Georgia,  Show- 
ing Mode  of  Occurrence  of  the  Ores. 

A,  banded  quartzite  with  magnetite  and  some  pyrite ;  B,  decayed  mica- 
schist,  in  which  the  planes  of  schistosity  are  perfectly  preserved  ;  C,  ore,  in- 
cluding manganese  and  manganiferous  iron-ore,  magnetite  and  limonite. 

satisfactorily  explains  (i)  the  source  from  which  the  manganese 
was  derived  ;  (2)  the  method  of  solution,  transportation  and 
precipitation  of  the  manganese  ;  and  (3)  the  process  of  its  local 
accumulation. 

I.  Source  of  ike  Manganese. — The  immediate  source  of  the 
manganese  was  from  the  rocks  from  which  the  residual  decay 
inclosing  the  ores  was  derived  by  weathering.  Accumulation 
was  not  entirely  limited,  perhaps,   to  the  manganese  contained 


*  Penrose,  R.  A.  F.,  *  Manganese :   Its  Uses,  Ores  and    Deposits,"  Annual 
Report  Geological  Survey  of  Arkansas^  1890,  vol.  i.,  p.  539  et  seq. 
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in  any  single  formation  in  whose  residual  decay  the  ores  now 
exist,  but  was  derived  from  any  formations  containing  this  ele- 
ment, formerly  covering  the  one  in  which  the  ores  are  now 
found.  There  is  field-evidence  in  certain  areas  to  support  this 
statement. 

^'As  shown  from  the  general  geologic  distribution  and  mode 
of  occurrence  of  the  ores  discussed  above,  the  source  of  the 
manganese  could  not  have  been  from  rocks  underlying  those 
in  whose  residual  decay  the  ores  are  now  inclosed. 

Microscopic  study  of  a  number  of  thin  sections  prepared 
from  hand-specimens  of  the  quartzite,  collected  by  the  writer 
from  all  parts  of  the  quartzite  area,  failed  to  disclose  any  min- 
eral substance  that  could  be  definitely  referred  to  manganese 
in  any  mineralogical  form.  In  order  to  further  test  the  ab- 
sence or  presence  of  manganese  in  the  quartzite.  large  frag- 
ments were  chipped  from  each  hand-specimen,  mixed  and 
powdered  as  one  sample.  From  this  bulk  of  powdered  quart- 
zite, a  sample  was  carefully  taken  and  subjected  to  a  chemical 
analysis,  searching  particularly  for  manganese.  The  analysis 
showed  no  manganese  (see  analysis  on  page  161),  which  confirms 
the  microscopic  study.  It  would  not  be  safe  to  conclude  from 
a  single  analysis,  though  made  from  a  sample  prepared  from 
hand-specimens  of  the  rock  taken  over  all  parts  of  the  area,  that 
manganese  was  entirely  absent  from  the  formation.  When 
added,  however,  to  similar  results  from  microscopic  study,  the 
two  greatly  strengthen  such  an  inference.  If  these  results 
should  later  prove  conclusive,  the  source  of  the  manganese  in 
the  decay  of  the  quartzite  must  then  have  been  from  once- 
existing  overlying  formations,  from  which,  upon  weathering, 
the  manganese  was  concentrated  by  chemical  and  physical  con- 
ditions obtaining ;  or,  else,  the  manganese  now  found  in  the 
decay  of  this  formation  was  originally  limited  to  that  part  of  the 
formation  reduced  to  decay. 

The  Paleozoic  rocks  are  bordered  on  the  east  and  south  in 
Georgia  by  older  crystalline  rocks  from  which  the  former  rocks 
were  largely  derived.  These  crystalline  rocks,  made  up  in  part 
of  original  igneous  masses  and  in  part  of  original  sedimentaries, 
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are  composed  of  ilumerous  complex  manganese-bearing  silicates. 
It  was  from  these  older  crystalline  rocks,  during  decay,  that  the 
manganese  is  believed  to  have  been  originally  derived. 

2.   Solution,    Transportation   and  Precipitation  of  the  Man- 
ganese,— Assuming  that  the  original   source  of  the  manganese 

Fig.    17. 


Section  through  the  Westbrook  Tract,  Paulding  Co.,  Georgia,  Showing  the 
Mode  of  Occurrence  of  the  Ores. 
A,  mica-schist,  partially  decayed,  highly  schistose  ;    B,   banded   quartzite, 
30  ft.  wide,  cut  by   quartz-stringers   containing   the   ore,  which  includes  man- 
ganese, manganiferous  iron-ore  and  magnetite. 

was  from  the  older  crystalline  rocks  to  the  east  and  south,  it 
remains  to  show  how  the  manganiferous  material  reached  its 
present  form  and  position. 

The  crystalline  rocks  of  Georgia  are  composed  chiefly  of 
granites,  gneisses,  schists  and  basic  igneous  masses,  and  they 
are  every  where  deeply  decayed, — buried  under  a  thick  covering 
of  their  residual  clays.  The  essential  minerals  in  these  rocks 
are  silicates,  many  of  which  are  manganese-bearing.  Decay  in 
this  southern  region  has  been  promoted  largely  by  chemical 
changes  in  the  mineral  constituents  of  the  rocks,  resulting  in 
mineralogical  combinations  of  simpler  and  more  stable  form, 
totally  different  from  the  original  forms.  The  combined  action 
of  atmospheric  oxygen,  water,  carbonic  and  organic  acids,  and 
to  a  less  degree,  perhaps,  certain  inorganic  acids,  has  been  the 
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principal  agent  involved  in  the  chemical  decay  of  the  rocks. 
Accompanying  such  changes,  the  metallic  bases  of  the  silicates 
combine  with  the  various  acids  and  are  removed  in  solution  as 
salts  of  these  acids«  the  insoluble  parts  of  the  minerals  remain- 
ing where  formed,  to  make  up  the  residual  mantle.  Manganese, 
with  other  of  the  base-forming  elements,  is  thus  removed  in 
solution  by  the  streams,  and  under  favorable  conditions  of 
oxidation  finally  precipitated  with  the  sediments  on  the  floor  of 
the  water-bodies  into  which  the  streams  drain. 

Definite  evidence  from  field-study  in  this  area,  by  the 
writer,  is  lacking  to  indicate  the  exact  form  in  which  the  man- 
ganese was  laid  down  in  the  rocks,  whether  as  carbonate  or 
oxide  or  both. 

After  examination  of  the  chemical  behavior  of  manganese, 
Dunnington  ^  calls  attention  to  the  probability  of  manganese- 
sulphate  having  taken  an  important  part  in  the  formation  of  de- 
posits of  manganese-ores.  In  view  of  the  results  from  this  ex- 
amination he  says :  * 

"It  appears  possible  that  many  deposits  of  manganese  in  calcifer- 
ous  rocks  owe  their  formation  to  the  action  of  solutions  of  sulphates, 
and  possibly  an  illustration  of  such  action  is  presented  in  the  man- 
ganese-deposits of  Crimora,  Augusta  county,  Virginia.   .  .  ." 

Professor  Dunnington  then  outlines  the  conditions  under 
which  he  conceives  the  Virginia  deposits  to  have  been  formed. 

3.  Local  Accumulation  of  the  Manganese, — If,  as  indicated, 
the  manganese  was  regularly  or  irregularly  disseminated  in  a 
finely  divided  state  through  the  limestones  and  quartzite  in 
a  greater  or  less  quantity,  then  some  secondary  action  or  pro- 
cess must  explain  their  present  local  accumulation.  Segregation 
to  any  appreciable  extent,  if  at  all,  of  the  finely  disseminated 
particles  of  manganese  does  not  appear  to  have  taken  place  in 
the  original  unweathered  rock.  The  agencies  which  promoted 
the  decay  of  the  rocks  inclosing  the    manganese  particles  were 


*  DunningtOD,  F.  P.,  **On  the  Formation   of   Deposits   of  Oxides   of  Man- 
ganese,'' Amer.  Joum,  Set.,  1888  (3  s.),  vol.  xxxvi.,  pp.  175-178. 
«  /*iV/.,  p.  177. 
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those  involved  in  the  accumulation  of  the  ores  in  their  present 
concentrated  form.  The  process  involved  in  the  local  accumu- 
lation was  largely  one  of  resolution  of  the  manganese  by  the 
acidulated  surface-waters  and  its  reprecipitation  in  another  posi- 
tion in  the  residual  clays. 

The  irregular  distribution  of  the  ores,  both  laterally  and 
vertically,  in  the  residual  clays ;  the  frequency  with  which  the 
ore-bodies  are  observed  to  cut  across  the  bedding  of  the  inclos- 

Fio.  18. 


WatBoa 

Section  through  the  Blue  Ridge  Mine,  Fannin  Co.,  Georgia,  Showing  the  Mode 
of  Occurrence  of  the  Manganese  and  Iron-Ores. 
A,  partially   decayed   mica-schist,    grading  into  quartz-schist  in  places  ;  B, 
manganese  and  iron  oxides,  distributed  through   the  decay  of   the    mica-schist. 
The  black  dots  and  areas  are  the  ores ;  C,  jasper-like  qnartz. 

ing  clays,  and  without  regard  to  orientation  in  any  direction  ; 
the  invariable  presence  of  greater  or  less  quantities  of  included 
quartz-grains  and  other  particles  of  siliceous  material  irregu- 
larly distributed  through  the  nodules  and  masses  of  ore,  of  the 
same  character  as  that  composing  the  inclosing  clays ;  the  con- 
cretionary nodular  and  stalactitic  forms  of  the  ore ;  and  its  pre- 
vailing tendency  to  crystalline  structure,  are  the  most  pro- 
nounced features  of  the  ores,  and  are  those  which  would  result 
from  such  a  process  of  segregation  as  outlined.     That  is,  they 
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are  secondary  accumulations,  resulting  from  chemical  and 
physical  action  during  the  decay  of  the  rocks  containing  the 
manganese. 

Abundant  masses  of  breccia-ore  are  associated  to  some  ex- 
tent with  other  types  of  the  ore  in  all  deposits,  but  they 
are  especially  characteristic  of  the  lower  zone  of  decay  of  the 
quartzite,  which  consists  of  only  partially  decayed  and  broken 
masses  of  the  rock  over  the  quartzite  area.  The  formation  of 
the  breccia-masses  is  due  to  the  downward  percolation  of  the 
manganiferous  solutions  through  the  overlying  mantle  of  decay 
into  the  cracks  and  crevices  separating  the  rock-fragments  and 
deposition  of  the  manganese  oxide.  In  the  Cave  Spring  dis- 
trict, where  broken  masses  and  beds  of  chert  from  the  Knox 
dolomite  abound,  a  similar  formation  of  chert-breccia  is  ob- 
served. In  some  instances  the  percolation  from  above  has 
extended  into  the  cracks  of  the  moderately  fresh  rock  below, 
with  deposition  of  manganese  forming  intersecting  veins  in  the 
rock. 

The  frequent  black  color  of  the  ore-bearing  clays  especially 
noticeable  near  the  ore-bodies,  due  to  the  presence  of  very 
finely-disseminated  particles  of  manganese  oxide,  finds  explana- 
tion in  the  precipitation  of  the  manganese  oxide  from  the  per- 
meating solutions.  All  of  these  associations  and  different  types 
of  the  ore  are  regarded  as  products  of  secondary  chemical  and 
physical  action. 

Finally,  this  process  of  local  concentration  of  manganese 
has  its  analogy  in  the  present  accumulation  of  manganese  in  the 
residual  decay  of  the  crystalline  rocks  throughout  the  Southern 
Appalachians.  The  writer  has  observed  in  his  field-study  of 
rock-weathering,  in  parts  of  Virginia,  the  Carolinas  and  Geor- 
gia, that,  in  the  weathered  materials  of  these  rocks,  some  of 
whose  minerals  were  manganese-bearing,  the  decay  was  colored 
black  in  spots  from  the  oxide  of  manganese,  and,  frequently, 
knife-edge  stringers  of  the  manganese  were  found  filling  the 
cracks  in  the  clays. 

The  theory  as  outlined  above  is  not  new,  but  was  pre- 
viously elaborated   in  greater  detail  by  Prof.  Penrose  in  his  ex- 
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haustive  and  excellent  volume  on  manganese.^  The  only  point 
of  difference  between  Prof.  Penrose  and  myself,  as  to  the  Geor- 
gfia  ores,  is  that  of  the  occurrence  of  some  of  the  ore-bodies  in 
the  residual  clays  occupying  similar  positions  in  the  original 
fresh  rock,  as  stated  by  Penrose.  The  writer  has  not  ob- 
served a  single  occurrence  of  the  ores  in  the  fresh  rock  in  the 
Georgia  area. 

II.     Manganese-Deposits  of  the  Crystalline  Area. 

The  position  of  the  Crystalline  area  is  shown  on  the  accom- 
panying map  (Fig.  l).  The  area  includes  two  physiographically 
distinct  provinces,  namely,  the  Appalachian  mountains  and  the 
Piedmont  plateau.  The  transition  in  the  rocks  of  the  plateau, 
along  its  northwest  margin,  to  those  of  the  mountain  province 

Fig.   19. 
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Section  along  the  South  Face  of  the  Large  Opening  on  the  Lowe  Tract, 
near  Cave  Spring,  Floyd  Co.,  Georgia,  Showing  the  Occurrence  of  Manganese 
••Pellet".Ore  in  the  Residual  Clay. 

Black  dots  indicate  the  **pellet'*-ore ;  white  areas,  deep  red-brown  clay  de- 
rived from  the  Knox  dolomite.  No  admixed  chert-fragments  or  nodular  ore 
contained  in  the  clay  at  this  point. 

is  indistinctly  marked  and  is  not  sudden,  but  is,  usually,  grad- 
ual. Topographically,  the  exact  limit  between  the  two  is  equally 
difficult  to  define,  since  the  elevation  of  the  plateau  near  the 
border  of  the  Appalachian  mountain  province  is  not  sharply 
contrasted  with  that  of  the  southeast  margin  of  the  latter  prov- 
ince, but  the  slope  of  the  one  gradually  passes  into  that  of  the 
other. 


»  Annual  Report  GeoL  Survey  of  Arkansas,  1890,  Vol.  i,  p.  539  et  seq. 
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The  Crystalline  area  forms  the  middle  belt  of  the  State 
(Fig.  i).  It  is  separated  on  the  southeast  from  the  Coastal 
Plain  by  the  fall-line,  and  on  the  northwest  it  is  separated  from 
the  Paleozoic  area  by  the  Cartersville  fault.  Its  axis  has  a  gen- 
eral northeast-southwest  trend,  and,  with  the  exception  of  the 
extreme  ten  northwest  counties,  it  occupies  the  entire  north 
part  of  the  State. 

Rocks  of  the  Crystalline  Area. 

With  but  few  exceptions,  the  rocks  of  the  Crystalline  area 
include  profoundly  altered,  original  clastic  and  igneous  masses 
— crystalline-metamorphic  rocks.  Some  of  the  granites  and 
most,  if  not  all,  of  the  more  recent  basic  dike-rocks  retain  in 
the  field  their  original  characteristic  massive  structures. 

Many  different  mineralogical  types  of  rocks  are  represent- 
ed. Metamorphism  has  been  so  complete  in  many  that  it  is 
often  impossible  to  say,  with  certainty,  whether  they  were  de- 
rived from  original  sedimentary  or  igneous  masses.  Granites, 
gneisses,  schists,  slates,  limestones  and  quartzites  or  sandstones 
compose  the  principal  rocks.  These  are  cut  by  numerous  in- 
trusions of  more  recent  basic  igneous  rocks  in  the  form  of  dikes. 
Diabase,  diorite  and  gabbro  comprise  the  commonest  types  of 
dike-rocks.  Hornblende-  and  mica-schists  are  the  most  wide- 
spread of  the  crystalline  schists.  The  granites  and  a  part  of  the 
gneisses  are  mica-rocks. 

The  entire  Crystalline  area  is  one  of  great  complexity.  The 
rocks  are  everywhere  altered,  intricately  folded  and  tilted,  and 
secondary  structures  induced  in  them.  A  further  result  of  the 
intense  metamorphism  is  the  formation  of  numerous  secondary 
minerals.  The  structural  and  age  relations  of  the  rocks  of  the 
area  have  not  yet  been  worked  out.  With  but  few  exceptions 
the  rocks  are  geologically  old,  and  belong  to  different  periods 
of  formation ;  some  are  pre-Cambrian,  while  others  are  of 
later  age. 

The  Rock-Forming  Minerals  of  the  Area, 

The  rocks  of  the  area  comprise  most  of  the  more  common 
rock-forming  minerals  and  many  of  the  rarer  ones.     The  source 
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of  the  manganese  in  the  crystalline  rocks  of  the  State  is  chiefly 
from  the  various  silicates  containing  manganese  as  one  of  the 
base-forming  elements.  Upon  decomposition  of  the  complex 
silicates,  the  manganese  is  either  removed  in  solution  in  the 
form  of  a  soluble  salt  and  deposited  with  the  sediments  formed 
elsewhere,  or  it  is  retained  in  part  or  in  whole  in  the  form  of 
the  insoluble  oxide  distributed  through  the  residual  decay  of  the 
original  rock,  in  situ.  Numerous  manganiferous  silicates  are 
distributed  through  the  rocks  of  the  Georgia  Crystalline  area, 
among  the  commonest  of  which  are  certain  species  belonging 
to  the  amphibole,  pyroxene,  mica,  garnet,  epidote  or  olivine 
groups.  Besides  the  silicate  form  of  manganese,  the  writer  has 
observed  both  the  carbonate  and  oxide  of  manganese  in  several 
localities  in  the  crystalline  rocks  of  Georgia. 

Rhodochrosite  is  found  in  Towns  county,  2  miles  west  of 
Hiawassee,  associated  with  the  oxides  of  manganese  and  iron  in 
homblendic  rocks  of  the  corundum  belt.  Manganese  oxide,  in 
association  with  small  grains  and  crystals  of  magnetite,  occurs 
in  a  magnetite-quartzite  schist  in  Haralson  and  Paulding 
counties. 

Residual  Decay  of  the  Crystalline  Rocks, 

Atmospheric  forces  have  been  continuously  operative  on 
the  rocks  of  the  Crystalline  area  of  Georgia  for  an  indefinite 
period  of  time,  resulting  in  the  fresh  rock  being  buried  at  pres- 
ent under  a  considerable  depth  of  residual  decay.  Conse- 
quently, exposures  of  the  fresh  rock  from  which  the  decay  was 
derived  are  seldom  seen  except  on  the  steeper  slopes  and 
along  the  stream-courses.  The  mantle  of  decayed  rock  varies 
gfreatly  in  thickness,  from  a  few  feet  to  several  hundred  feet. 
Its  character  is  equally  variable,  dependent  mainly  upon  the 
type  of  rock  from  which  it  was  derived  and  the  forces  pro- 
moting it. 

Mode  of  Occurrence  of  the  Manganese-Ores. 

The  lithological  associations  and  modes  of  occurrence  of 
the  manganese-ores  are  different  from  those  of  the  Palezoic  area. 
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The  ore  is  usually  massive  and  often  fine-granular,  admixed  or 
otherwise  closely  associated  with  iron,  and  is  less  often  of  the 
gravel  and  larger  concretionary  nodular  types  so  characteristic 
of  the  Cartersville  district  and  other  of  the  Paleozoic  area-de- 
posits. Of  the  former  occurrence  the  locality  to  the  northeast 
of  Cohutta  Springs,  in  Murray  county,  and  that  of  the  Drake- 
town  district,  in  Haralson  and  Paulding  counties,  are  perhaps 
the  most  typical.  Near  the  Tennessee  line,  in  the  northeast 
part  of  Murray  county  and  5  to  6  miles  northeast  of  Cohutta 
Springs,  the  manganese  occurs  as  small  nests  or  pockets  in  ex- 
tensive beds  of  iron-ore  in  the  Ocoee  (pre-Cambrian)  quartzites 
and  slates.  The  manganese  is  not  entirely  free  from  iron,  and 
much  of  it  is  a  manganiferous  iron-ore  of  apparently  homogene- 
ous composition. 

Fig.  20. 


Sea/eofM/fes. 

Topographical  Map  of  the  Darketown  District,  Georgia.    (Tallapoosa  and  Mari- 
etta Topographic  Sheets,  U.  S,  GeoL  Survey,)     Contour-in terval,  100  ft. 

The  ore  of  the  Draketown  district  in  Haralson  and  Pauld- 
ing counties  is  either  massive  or  minutely-divided  manganese 
oxide,  in  a  finely-banded  quartzite  or  sandstone  intercalated 
with  mica-schist.     The  siliceous  rock  is  heavily  charged  with 
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small  grains  and  crystals  of  manganiferous  magnetite  and  sep- 
arate grains  of  manganese  oxide,  and  in  places  the  rock  is 
pyritiferous.  The  manganese  is  mostly  concentrated  along  the 
contact  between  the  quartzite  and  schist,  but  contained  mostly 
in  the  quartzite  as  massive  ore  carrying  usually  much  iron,  which 
at  times  almost  totally  replaces  the  manganese.  (See  Figs.  16 
and  17.)  Between  the  two  extremes  of  manganese-ore  contain- 
ing a  little  iron  and  iron-ore  with  a  little  manganese,  all  degrees 
of  admixture  of  the  two  oxides  occur. 

The  nodular  type  of  ore  similar  to  that  of  the  Cartersville 
district  is,  perhaps,  best  developed  in  the  manganese-deposits 
occurring  within  the  southern  limits  of  the  town  of  Blue  Ridge, 
in  Fannin  county.  (See  Fig.  18.)  Here  the  manganese  is 
found  in  the  residual  clays  derived  from  the  decay  of  mica- 
schist  near  the  margin  of  a  narrow  band  of  jasper-like  quartz, 
which  cuts  the  schist  in  an  approximate  north-south  direc- 
tion. The  manganese  is  distributed  through  the  clays  as 
gravel,  nodules  and  larger  masses  in  nests  or  small  pockets 
and  stringers.  The  ore  contains  much  siliceous  impurity,  and 
is  in  intimate  relation  with  iron  ore,  much  of  which  has  been 
shipped. 

At  other  localities  in  the  Crystalline  area  manganese  is 
found,  in  massive  and  nodular  forms  and  as  a  black  clayey 
mixture  of  finely  divided  manganese  oxide,  in  residual  clays 
derived  from  the  decay  of  hornblende-  and  mica-schists.  The 
mica-schist  is  often  garnetiferous. 

The  above  occurrences  of  manganese  in  the  crystalline 
rocks  indicate  (i)  a  concentration  of  the  ore  along  and  near  the 
contact  between  certain  formations ;  and  (2)  accumulation  of 
the  ore  in  the  residual  clays  derived  from  the  decay  of  various 
siliceous  crystalline  rocks. 

Mineralogical  Forms  of  the  Ores, — ^The  silicate,  oxide  and 
carbonate  of  manganese  are  found  to  some  extent  in  the  rocks 
of  the  Crystalline  area.  Neither  the  silicate  nor  the  carbonate  is 
of  commercial  importance.  Manganese-bearing  silicates  are 
widely  distributed  among  the  more  common  rock-forming  min- 
erals of  the  area,  and  are  of  great  importance  in  that  they  form 
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the  source,  on  decay,  of  the  workable  deposits  of  manganese 
in  the  form  of  the  oxide.  In  several  localities  the  oxide  is 
found,  in  place,  in  the  fresh  rock,  but,  usually,  it  is  a  second- 
ary product  inclosed  in  the  residual  clays,  similar  to  the  ores 
of  the  Paleozoic  area.  The  manganese  of  both  the  Crystalline 
and  Paleozoic  areas  of  Georgia  include  only  the  oxides  ot 
the  metal. 

Extent  of  the  Work  and  Location  of  the  Deposits, — More 
or  less  prospecting  work  for  manganese-ores  has  been  done  in 
a  number  of  counties  in  the  Crystalline  area.  The  test-work 
has  been  sufficient  in  most  cases  to  indicate  that  workable  de- 
posits of  the  ore  do  not  exist,  although  small  shipments  of  the 
ore  have  been  made  from  a  number  of  the  openings  in  different 
counties. 

The  localities  in  which  prospecting  work  has  been  done  for 
manganese  are  widely  separated  and  are  scattered  over  various 
parts  of  the  area  which  bear  no  apparent  geological  relation- 
ship to  each  other.  The  deposits  are  not  associated  with  any 
particular  type  of  rock,  but  are  found  in  association  with  several 
widely  different  mineralogical  types. 

The  counties  in  which  manganese  has  been  worked  or  test- 
ed in  the  Crystalline  area  are  Murray,  Fannin,  Towns,  Chero- 
kee, Haralson,  Paulding,  Habersham  and  Hart.  See  map  (Fig. 
i),  which  shows  the  distribution  of  the  ore-deposits. 

Genesis  of  the  Ores  in  the  Crytalline  Area. 

Numerous  openings  made  for  manganese  in  different  parts 
of  the  Crystalline  area  afforded  opportunity  for  tracing  the 
formation  of  the  manganese  oxides  from  several  of  the  man- 
ganese-bearing silicates.  Of  these  a  manganiferous  garnet  and 
mica  showed  the  formation  of  the  oxide  from  the  original  sili- 
cate in  both  a  partial  and  complete  stage  of  decomposition.  In 
each  case  the  early  stage  was  indicated  by  the  original  mineral 
being  irregularly  coated  and  spotted  from  decay  by  a  mixture 
of  the  oxides  of  manganese  and  iron.  The  final  stage  showed 
the  almost  complete  destruction  of  the  original  mineral,  and  its 
place  filled  by  the  black  amorphous  oxides  of  manganese  and 
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iron.  More  or  less  stain  from  the  oxides  had  extended  beyond 
the  limits  of  the  original  manganese-bearing  silicate,  discoloring 
the  inclosing  clays. 

The  source  of  the  manganese  in  the  Crystalline  area  has 
been  mostly,  if  not  entirely,  from  the  various  manganese-bearing 
silicates,  which  enter  largely  into  the  composition  of  most  of 
the  rocks.  By  the  decomposition  of  the- minerals  composing 
these  rocks,  the  base-forming  elements  either  form  soluble  salts 
of  inorganic  and  organic  acids  promoting  the  decay,  and  are 
removed  in  solution,  or  else  the  whole  or  a  part  of  certain  of  the 
base-elements  are  converted  into  insoluble  oxides  and  retained, 
in  situ,  to  form  the  mantle  of  residual  decay.  In  either  case  the 
process  may  result  in  the  removal  by  solution  of  only  a  part  of 
certain  of  the  base-elements,  iron  and  manganese,  in  the  form 
of  soluble  salts,  while  the  remainder  of  the  same  elements  is  re- 
tained as  insoluble  oxides  in  the  residual  decay.  Both  reactions 
are  common  in  the  surface  zone  of  oxidation,  as  proved  by  re- 
cent work  in  rock-weathering. 

Recent  investigations  in  rock-weathering  show  that  iron  is 
frequently  retained  in  the  residual  clays  in  amounts  larger  than 
that  of  any  other  constituent  in  proportion  to  the  percentage 
amount  present  in  the  fresh  rock.  A  loss,  however,  by  removal 
in  solution,  in  the  form  of  a  soluble  salt  on  decay  of  the  rock, 
is  often  shown  in  the  iron.  So  far  as  investigation  has  gone, 
the  iron  is  not  entirely  removed  in  any  case,  but  a  part  of  it 
remains  in  the  form  of  the  insoluble  oxide.  A  like  tendency 
is  indicated  for  manganese  when  present  in  those  rocks  so  far 
investigated. 

Upon  subsequent  chemical  and  physical  changes,  the  man- 
ganese is  further  concentrated  in  the  residual  clays,  and  the  ac- 
cumulation of  the  oxide  is  sometimes  in  quantity  sufficiently 
large  to  be  of  commercial  value. 

Some  of  the  manganese-deposits  of  the  Crystalline  area  in- 
dicate that  the  ore  has  been  leached  from  thp  surrounding  rocks 
upon  decay  and  concentrated  in  the  clays  along  the  contact-zones 
of  certain  formations.  In  only  one  locality  in  the  Crystalline 
area,  namely,  the  Darketown  district  of  Haralson  and  Paulding 
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counties,  has  manganese  been  found  in  the  form  of  the  oxide, 
in  place,  in  the  original  rocks.  The  manganese  exists  here 
partly  as  the  free  oxide  in  a  banded  quartzite,  and  partly  as  a 
manganese-bearing  magnetite  which  forms  a  considerale  per- 
centage of  the  rock  in  places.  Concentration  of  the  manganese 
with  iron  has  taken  place  near  the  margin  of  the  quartzite  in 
contact  with  the  mica-schist,  in  quantity  sufficient  to  yield  a 
small  amount  of  workable  ore. 

Accompanying  the  process  of  rock-decay  the  retention  of 
manganese  in  more  localized  form  has  been  promoted  in  places. 
The  process  is  still  in  progress,  and,  accompanying  it,  the  ac- 
cumulation of  manganese  in  those  places  where  the  conditions 
are  favorable. 

Briefly  stated,  then,  the  manganese-ores  of  the  Georgia 
Crystalline  area  represent  the  secondary  accumulations  of  the 
insoluble  oxides  of  the  metal  supplied  from  the  manganese-bear- 
ing silicates  on  decomposition,  and  subsequently  concentrated 
and  localized  in  the  residual  clays  derived  from  the  decay  of  the 
underlying  siliceous  crystalline  rocks.  In  places,  accumulation 
of  the  oxides  has  progressed  along  and  near  contact-zones  in  the 
rocks ;  in  other  places  concentration  has  been  in  the  clays  and 
removed  from  contacts. 

Methods  of  Mining  the  Ore. 

The  nature  of  the  ore  to  be  mined  in  the  Georgia  area  is 
one  of  irregular  distribution,  in  the  form  of  nodules  and  pock- 
ets, through  residual  clays,  which  range  in  thickness  from  25  ft. 
to  several  hundred  feet.  The  ore-distribution  varies  greatly, 
and  the  deposits  are  limited  both  in  depth  and  lateral  extent; 
hence,  the  methods  for  operating  in  one  place  will  necessarily 
vary,  more  or  less,  in  detail  from  those  in  another.  As  a  rule, 
the  deposits  are  located  on  the  summits  and  higher  slopes 
of  the  hills  and  ridges,  though  there  are  many  exceptions,  for 
they  not  infrequently  occupy  the  lower  slopes  and  valley- 
bottoms. 

The  method  of  mining  will  depend  largely  upon  the  loca- 
tion of  the  deposits  and  their  depth  below  the  surface.     Open 
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pit  and  cut,  shaft  and  tunnel  work  are  employed.  These  are 
often  used  together,  to  advantage,  in  the  same  place,  especially 
where  the  ores  begin  at  or  near  the  surface  and  continue  irregu- 
larly to  some  depth  below.  In  such  cases,  open  pit  and  cut 
work  is  used,  and,  from  the  bottom  of  the  open  work,  shafts 
are  sunk  and  drifts  are  run  at  different  levels  from  the  shafts. 
Tunneling  becomes  necessary  in  most  of  the  steeper  slope-de- 
posits. In  the  lower  deposits,  especially  those  of  the  valley- 
bottoms,  shafting  and  tunneling  is  most  advantageously  em- 
ployed. In  most  cases  of  tunneling  and  shafting  it  becomes 
necessary,  from  the  nature  of  the  clays,  to  timber  the  openings 
in  order  to  prevent  caving.  The  timbering  over  most  of  the 
Georgia  area  has  been  poorly  done,  and.  in  many  cases,  put  in 
to  meet  only  temporary  needs. 

Expensive  and  heavy  machinery  is  unnecessary,  and  the 
equipment  should  be  as  light  and  portable  as  possible,  so  that 
moving  from  one  place  to  another,  as  the  ore  becomes  exhaust- 
ed, can  be  done  speedily  and  at  a  small  cost. 

Preparation   of  the    Ore. 

The  occurrence  of  the  ores  in  the  residual  clays  means,  usu- 
ally, more  or  less  admixture  of  the  ore  with  clay.  Usually,  the 
only  treatment  of  the  ore  necessary  before  shipping  is  to  free  it 
from  the  adhering  clay.  Crushing  and  jigging  are  necessary  in 
ihe  spongy  or  porous  type  of  ore,  the  numerous  cavities  of 
which  are  filled  with  the  clay ;  also  in  those  ores  containing  con- 
siderable free-quartz  grains  and  cemented  fragments  of  the  rock. 
This  is  especially  true  of  much  of  the  breccia-ore,  which  is  ren- 
dered marketable  by  materially  reducing  the  amount  of  siliceous 
material  in  this  method.  Washing  will  usually  suffice  for  cleans- 
ing the  bulk  of  the  ore.  In  the  crushed  and  jigged  ore,  subse- 
quent washing  is  also  necessary. 

In  the  early  history  of  the  manganese  mining  in  Georgia 
less  care  was  used  in  properly  cleansing  the  ore  than  at  present, 
and  much  of  the  ore  then  shipped  contained  large  quantities  of 
adhering  clay  and  other  extraneous  material.  The  principal 
and,  frequently,  the  only  treatment  was  that  of  screening.      At 
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that  time  all  the  washing  done  was  by  hand.  The  form  of 
washer  used  was  a  revolving-cylinder  perforated  with  holes,  and 
fed  inside  by  a  constant  stream  of  water.  The  ore  was  put  into 
the  cylinder  through  a  door,  the  door  closed  and  the  cylinder 
revolved  by  hand  until  the  ore  was  freed  by  running  watpr 
from  the  clay,  when  the  ore  was  removed  through  the  same 
opening.  The  capacity  of  the  washer  was  very  limited,  and 
it  could  be  used  only  on  a  small  scale.  Much  of  the  smaller 
ore  was  lost,  but  the  larger  fragments  were  thoroughly 
cleansed. 

Later,  a  form  of  log-washer,  similar  to  that  used  for  cleans- 
ing the  brown  iron-ores^  was  introduced,  and  is  the  form  of  washer 
at  present  in  use.  Briefly,  the  log-washer  consists  of  a  long  and 
stoutly-built  box,  of  sufficient  length  and  depth  to  contain  the 
log.  The  box,  or  trough,  is  elevated  at  one  end.  A  log  or 
central  shaft,  25  to  40  ft.  long,  carrying  heavy  iron-flanges, 
spirally  arranged  the  length  of  the  log,  revolves  lengthwise  in 
the  box  or  trough.  The  ore  is  fed  at  the  upper  end  of  the  box, 
and  is  gradually  forced  by  the  revolving  log  to  the' lower  end, 
where  it  passes  out.  A  constant  stream  of  water  plays  on  the 
ore  in  the  box.  The  constant  agitation  and  beating  of  the  ore 
by  the  log  and  the  washing  by  water  frees  it  from  the  adherinj^ 
clay.     Steam  is  the  motive  power. 
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Introduction. 

Knowledge  of  the  existence  of  yellow  ocher-deposits  in 
Bartow  county,  Georgia,  dates  back  to  the  early  mining  of 
manganese-  and  iron-ores  in  the  vicinity  of  Carte;-sville.  Sys- 
tematic mining  of  the  ocher  in  this  area  really  began,  however, 
probably  not  longer  than  a  decade  back,  although  the  date  of 
its  first  working  is  as  early  as  the  year  1877.  The  district  has 
been,  for  a  number  of  years,  one  of  the  principal  producers  of 
yellow  ocher  in  the  United  States ;  and  at  no  period  of  its  de- 
velopment have  mining  activities  been  greater  and  more  suc- 
cessful than  at  present. 


*  Published  by  permission  of  the  State  Geologist  of  Georgia. 

Reprinted  from  Transactions  of  the  American  Institute  of  Mining  Engineers. 
(New  York  Meeting,  October,  1903.) 
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Systematic  field-study  of  the  ocher  and  manganese-deposits 
of  Georgia  was  begun  by  me  while  I  was  a  member  of  the 
State  Geological  Survey,  late  in  the  season  of  1900;  and  com- 
pleted during  the  field-season  of  1902.  Separate  reports  on 
these  deposits  are  in  course  of  preparation,  and  as  soon  as  com- 
pleted they  will  be  published  as  bulletins  of  the  State  Survey. 
It  is  the  object  of  this  paper  to  present  some  of  the  more  im- 
portant facts  brought  out  in  the  field  and  laboratory  study  of 
the  ocher-deposits  of  Bartow  county,  Georgia. 

Historical  Statement. 

The  first  authentic  record  of  ocher  mined  in  Bartow  county, 
Georgia,  was  in  the  year  1877,  when  Mr.  E.  H.  Woodward  be- 
gan mining  it  on  a  property  located  near  the  limits  of  the  town 
of  Cartersville.  The  crude  ocher  as  mined  was  hauled  in 
wagons  to  Cartersville  and  there  prepared  for  market.  Mr. 
Woodward  was  engaged  at  the  same  time  also  in  mining  man- 
ganese-ores on  the  Dobbins  property,  six  miles  northeast  of 
Cartersville. 

Mining  of  the  ocher  on  a  small  scale  was  continued  on  this 
and  the  adjoining  property  until  1890,  when  the  Georgia  Pe- 
ruvian Ocher  Co.,  supported  by  Western  capitalists,  became  the 
owner  of  the  property,  and  improved  methods  in  the  prepara- 
tion of  the  ocher  for  market  were  introduced.  Hauling  to  Car- 
tersville was  discontinued  on  account  of  the  roads,  and  a  plant 
for  preparing  the  ocher  was  located  at  Emerson,  two  miles  south 
of  the  mines.  The  first  shipment  of  American  ocher  to  Europe 
is  reported  to  have  been  made  in  December,  1890,  from  the 
Cartersville  mines,  a  consignment  of  50  tons  having  been  ship- 
ped to  England.  ^ 

In  1890,  two  experienced  ocher-men  from  the  East,  Mr.  J. 
C.  Oram  of  Vermont  and  Mr.  E.  P.  Earle  of  New  York,  became 
interested  in  the  company,  and  modern  machinery  and  improved 
methods  were  brought  into  use.  Mr.  Oram  was  the  first  to  in- 
troduce in  the  district  the   natural  process  of  air-drying  (sun) 


1  Mintral  Resources  of  thg  United  States  for  1889  *^^<^  "890,  p.  509. 
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in  vats  dug  in  the  ground.  The  ocher-industry  in  Georgia 
properly  dates  from  this  year. 

At  present,  four  plants  of  large  size  and  thoroughly  equip- 
ped are  engaged  in  mining  and  shipping  the  ocher  in  the  Car- 
tersville  district:  namely,  the  Georgia  Peruvian  Ocher  Com- 
pany ;  the  Cherokee  Ocher  &  Barytes  Company  ;  the  Blue 
Ridge  Ocher  Company;  and  the  American  Ocher  Company.  The 
last  plant  was  added  in  1902.  In  every  instance  the  mill  for 
preparing  the  ocher  is  located  at  the  mines,  thereby  reducing 
the  cost  of  production  from  what  it  was  in  the  early  period, 
when  mine  and  mill  were  separated  by  a  considerable  distance. 
The  present  plants  are  all  located  within  two-and-a-half  miles  of 
the  town  of  Cartersville,  which  is  the  shipping  point. 

Several  unsuccessful  attempts  have  been  made  to  produce 
ocher  at  Rockmart,  in  the  adjoining  county,  Polk,  on  the  south- 
west, but  each  time  the  venture  was  abandoned. 

Geology  of  the  District. 

The  area  here  described,  as  shown  on  the  accompanying 
map.  Fig.  i,  is  limited  to  the  southeastern  portion  of  Bartow 
county,  in  northwestern  Georgia  ;  and  it  lies  in  the  vicinity  of 
the  town  of  Cartersville,  from  which  the  district  derives  its 
name.  It  is  one  of  the  most  productive  ore-districts  in  the 
Southern  Appalachians.  Stratigraphically,  the  area  is  nearly 
equally  divided  between  the  Paleozoic  formations  on  the  west 
and  the  older  crystalline  metamorphic  rocks  of  the  Piedmont 
plateau  and  the  Appalachian  mountains  on  the  east.  The  irregu- 
lar line  separating  the  two  groups  of  unlike  rocks  marks  the  po- 
sition of  thie  Cartersville  fault,  which  is  the  most  important 
structural  feature  in  the  region. 

As  indicated  in  Fig.  i  (C,  C,  C,  C),  the  rocks  belong  to  two 
geologically  distinct  groups,  which  show  marked  differences  as 
to  age  and  kind.  To  the  west  of  the  fault-line  the  rocks  are 
sedimentaries,  and  include  quartzites,  sandstones,  shales,  and 
limestones  of  Cambro-Silurian  age.  To  the  east  of  the  fault- 
line  the  rocks  are  metamorphic  crystallines,  derived  in  part  from 
original    igneous   masses  and  in  part  from  original   sediments. 
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Geological  Map  of  the  Cartersville  District,  Georgia,  Showing  the  Distribution  of  the 
Ore-Deposits.     (C.  W.  Hayes,  Trans. ,  xxx.,  405.) 
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Over  parts. of  the  area  it  is  difficult  to  state  definitely  whether 
the  original  rock  was  igneous  or  sedimentary  in  origin.  The 
altered  sediments  include  conglomerates,  slates,  schists,  and 
probably  .some  of  the  gneisses.  Wide  variation  in  composition, 
and  to  a  less  extent  structure,  characterize  the  intrusive  rocks, 
ranging  from  extremely  basic  rocks  of  the  diabase  type  to  acid 
granites,  with  perhaps  diorite  as  the  most  common  type.  These 
igneous  masses  are  no  longer  composed  of  massive  rocks  in 
structure,  but,  on  account  of  intense  pressure-metamorphism, 
they  are  now  rendered  highly  schistose.  On  account  of  the 
absence  of  fossils  in  the  sedimentaries  of  this  series,  and  because 
of  the  rocks  having  every  appearance  of  extreme  age,  Hayes 
has  grouped  them  as  Algonkian  (Ocoee)  in  age. 

The  rock-sequence  for  the  Paleozoic  formations  on  the  west 
side  of  the  fault-line,  named  in  descending  order,  becomes  : 

•            Silurian,         ...  4.  Knox  dolomite.' 

I  3.  Rome  and  Conasauga  shale. 

Cambrian,     .     .     .    ■{  2.  Beaver  limestone. 

I  I.  Weisncr  quartzite. 

Of  these  formations  only  the  Weisner  quartzite  is  ocher- 
bearing  and  is  of  importance  in  the  present  connection,  hence 
no  description  of  the  other  formations  will  be  given  in  this 
paper. 

The    Weisncr  Quartzite 

The  yellow  ocher-deposits  of  the  Cartersville  district  are 
limited  exclusively  to  the  Weisner  quartzite.  As  shown  on  the 
map,  the  principal  area  of  the  quartzite  forms  a  continuous  nar- 
row belt,  approximately  1 5  miles  long  and  several  miles  wide, 
in  the  central  portion  of  the  area  mapped.  Its  eastern  limit 
is  the  Cartersville  fault,  which  marks  the  contact  of  the  forma- 
tion on  the  east  with  the  rocks  of  the  Ocoee  series.  Near  the 
middle  western  margin  of  the  map,  faulting  has  exposed  two 
additional  narrow  strips  or  bands  of  the  quartzite,  which  are 
marked  by  the  entire  absence  of  ocher.  As  nearly  as  can  be 
estimated  the  thickness  of  the  quartzite  in  this  area  does  not  ex- 
ceed 2,000  feet. 
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Litholog^ically,  the  formation  is  not  entirely  uniform,  but  in 
places  it  shows  considerable  variation,  both  in  composition  and 
texture,  and  in  color  as  well.  It  is  composed  principally  of  a 
compact,  fine-g^rained  vitreous  quartzite  varying  from  light  to 
dark  gray  in  color,  and  in  places  containing  beds  of  fine-grained 
conglomerate.  Intercalated  beds  of  a  drab  to  darker  colored 
siliceous  shales  of  varying  thickness,  much  crumpled,  contorted 
and  altered  in  places,  are  often  met  with.  The  formation  con- 
tains much  pyrite  in  the  form  of  grains  and  crystals  in  places, 
and  this  mineral  seems  to  be  equally  abundant  in  both  the  quart- 
zite proper  and  the  interbedded  shale  layers.  The  two  min- 
eralogically-unlike  beds,  shale  and  quartzite,  are  likewise  ocher- 
bearing,  and  the  difference  in  composition  of  the  rock  serves  as 
a  basis  for  making  two  grades  of  the  ocher.  The  ocher  found 
replacing  the  shales  is  prevailingly  darker  in  color,  because  of 
the  large  proportion  of  admixed  argillaceous  or  clayey  matter 
derived  from  the  shales,  which  cannot  be  separated  from  the 
refined  ocher  ;  while  the  ocher  found  replacing  the  quartzite 
proper  is  uniformly  lighter  in  color,  because  of  less  admixed 
clay. 

The  effects  of  intense  pressure-metamorphism  are  plainly 
evident  in  all  parts  of  the  quartzite  formation,  as  shown  in  Fig. 
3.  As  a  result  of  the  action  of  the  compressive  forces  the 
quartzite  layers  have  been  sharply  folded,  and  in  addition  the 
formation  has  been  extensively  crushed  and  shattered  over 
most  of  its  parts,  especially  in  the  ocher-bearing  portions.  So 
extensively  crushed  and  shattered  is  the  quartzite  as  indicated 
in  some  of  the  sections  of  the  larger  ocher-openings  in  the 
area,  that  it  is  almost  impossible  to  determine  the  original  bed- 
ding of  the  rocks.  As  often  shown  by  its  brecciated  condition, 
the  quartzite  is  presumably  cut  by  numerous  faults,  but  such 
lines  of  fracture,  if  they  exist,  have  not  been  traced.  As 
Hayes  has  stated,  the  physical  forces  were  probably  attended 
by  increased  chemical  action,  inferred  from  the  formation  of 
the  ocher. 

The  composition  of  the  quartzite  proper  is  shown  in  the 
chemical  analysis  below  made  by  the  N.  P.  Pratt  laboratory,  in 
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Atlanta,    Georgia,    of  specimens  of  the  rock  collected  by  me 
from  different  exposures  of  the  formation. 

Per  Cent. 

Silica, 90.36 

Alumina, 1.52 

Iron  sesquioxide,       .  .         .         .         .         .         .  0.57 

Iron  disulphide, 1.50 

Lime, 0.27 

Magnesia,  .........  0.27 

Soda,         ..........  0.43 

Potash,      ..........  0.16 

Manganese  oxide,     ........  none 

Titanic  oxide,  .........  0.07 

Barium  sulphate,       ........  4.46 

Water, 0.31 

Total, 99-92 

Attention  is  called  in  the  analysis  to  the  percentages  of 
iron  disulphide  (pyrite)  and  barium  sulphate  (barite)  present  in 
the  rock.  The  occurrence  of  pyrite  in  the  rock  has  been  re- 
ferred to  above.  The  mineral  barite  is  present  to  a  greater  or 
less  extent  in  all  the  ocher-deposits  of  the  district,  but  its  pres- 
ence in  the  fresh  rock  as  a  mineral  constituent  is  nowhere  indi- 
cated, either  macro-  or  microscopically.  The  very  small  per- 
centages of  lime  and  alkalies  shown  in  the  analysis  confirms  the 
microscopic  study  of  a  large  number  ot  thin  sections  of  the  rock, 
in  the  nearly  complete  absence  of  feldspars.  A  few  thin  sec- 
tions, however,  showed  sporadic  grains  of  both  microline  and  a 
striated  plagioclase. 

Topography. 

With  respect  to  surface]|configuration,  the  district  may  be 
divided  into  two  nearly  equal,  unlike  areas,  as  indicated  on  the 
accompanying  map.  Fig.  2.  The  line  separating  these  two 
areas  is  an  irregular  one  roughly  paralleling  the  fault-line,  and 
located  from  one  to  three  miles  west  of  it,  and  marking  the 
contact  between  the  Weisner  quartzite  and  the  Beaver  lime- 
stone. The  contour  lines  on  the  map,  Fig.  2,  mark  off  quite 
strongly  the  dividing-line  between  the  two  unlike  areas. 

That  part  of  the  district  north  of  the  Etowah  river  and 
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west  of  a  line  drawn  northeastward  through  CartersviUe  marks 
a  rather  smooth  plain,  etched  out  of  the  soft  shales  and  lime- 
stone of  Cambrian  age.  Its  average  elevation  above  mean  sea- 
level  is  between  800  and  900  ft.  Slight  inequalities  in  the  form 
of  irregular  hills  or  minor  ridges,  rising  from  100  to  125  ft. 
above  the  general  surface  of  the  plain,  denote  unreduced  areas. 
Elevations  of  less  than  800  ft. — ^from  750  to  775  ft. — are  re- 
corded in  places  along  some  of  the  larger  stream-courses.  West- 
ward, the  plain  grades  into  the  Knox  dolomite  plateau,  a  slight- 
ly more  resistant  magnesian  limestone,  whose  general  average 
elevation  is  but  little  above  that  of  the  CartersviUe  portion  of 
the  Paleozoic  plain. 

Beginning  with,  and  including,  the  long  central  band  of 
Weisner  quartzite,  that  part  of  the  mapped  area  to  the  south  of 
the  Etowah  river  and  east  of  the  plain  already  defined,  is  a  sec- 
ond area  whose  surface  is  higher  than  that  of  the  Paleozoic 
plain  described  and  in  marked  contrast  to  it.  The  larger  por- 
tion of  this  area  forms  the  northwestward  extension  of  the 
Piedmont  plateau.  Its  general  surface-elevation  will  average 
less  than  1,000  ft.  above  mean  sea-level,  with  numerous  resid- 
uals in  the  form  of  irregular  hills  and  ridges  standing  several 
hundred  feet  above  the  plateau  surface.  The  surface  then  is  an 
irregular  one.  trenched  by  comparatively  deep  and  narrow 
stream-channels,  in  many  places  cut  through  the  thick  covering 
of  decayed  rock  into  the  hard  rock  beneath.  The  northeast 
comer  of  the  mapped  area  forms  the  equivalent  lowering  por- 
tion of  the  Appalachians,  showing  elevations  of  from  1,800  to 
2,000  ft.  This  marks  the  roughest  surface  in  the  district.  The 
higher  and  more  roughened  surface  of  the  eastern  half  of  the 
mapped  area  is  etched  out  of  geologically  old,  highly-tilted  and 
disturbed  metamorphic  crystalline  rocks,  whose  age  for  the  most 
part  is  pre-Cambrian. 

The  entire  district  covered  by  the  map  is  well  watered.  Its 
drainage  is  through  numerous  nearly  north-  and  south-flowing 
streams  tributary  to  the  Etowah  river,  the  master  stream  of  the 
region,  which  has  a  general  westward  course,  passing  within  a 
short  distance  south  of  the  town  of  CartersviUe. 
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The  rocks  of  the  area  are  very  generally  buried  under  a 
considerable  thickness  of  residual  clays  derived  from  the  decay 
of  the  underlying  rocks  by  the  usual  action  of  the  atmospheric 

Fig.  2. 


Scak  ofAfi/es, 

Topographical   Map  of  the  Cartersville  District,  Georgia.     (Cartersville   Topo- 
graphic Sheet,  U.  S.  Qeol,  Survey.)     Contour-interval,  100  ft. 

agents.     Over  many  parts  of  the  region  exposures  of  the  fresh 
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rock  are  seldom  seen.  A  thickness  of  lOO  ft.  and  more  of  the 
residual  decay  is  frequent  over  the  district.  Difference  in  com- 
position of  the  sub-terranes  shows  equally  as  marked  a  differ- 
ence in  the  chemical  and  physical  properties  of  the  derived 
decay.  The  decay  derived  from  the  limestone  is  usually  a 
deep-red  ferruginous  clay  with  or  without  admixed  chert  frag- 
ments, as  the  original  rock  was  chert-bearing  or  not.  That  de- 
rived from  the  harder  and  more  resistant  quartzite  is  a  light 
gray  siliceous  clay,  in  which  the  proportion  of  clay  is  usually 
relatively  smaller  than  that  derived  from  the  sandstone.  So 
strongly  marked  are  the  properties  of  the  residual  decay  de- 
rived from  the  lithologically  unlike  sub-terranes,  that  the  areas 
of  originally  fresh  rock  can  usually  be  differentiated  and  traced 
with  considerable  accuracy  by  the  decay. 

The  decay  over  the  quartzite  area  is  thickest  in  the  valley- 
bottoms,  and  thinnest  near  and  on  top  of  the  higher  and  steeper 
ridges.  Along  the  steeper  ridge-slopes  exposures  of  the  com- 
paratively fresh  and  hard  rock  are  not  uncommon.  On  the 
ridge-tops  large  reefs  and  broken  masses  of  the  hard  quartzite 
are  frequent.  The  residual  decay  derived  from  the  quartzite  is 
largely  admixed  with  fragments  of  various  sizes  of  the  quartz- 
rock  in  all  stages  of  decay,  from  partially  discolored  hard  rock 
to  masses  of  loose  or  incoherent  quartz-grains  or  sand. 

The  Oc her- Deposits. 

As  indicated  on  the  the  accompanying  map.  Fig.  i,  the 
ocher  belt  has  an  approximate  length  of  about  eight  miles  in  a 
nearly  north-south  direction.  Traced  by  the  outcroppings  and 
the  prospect-openings  the  belt  is  a  very  narrow  one,  not  ex- 
ceeding perhaps  two  miles  in  the  widest  point.  It  has  its  south- 
ernmost extension  at  and  to  the  west  of  Emerson,  about  two 
miles  south  of  the  Etowah  river,  and  is  traced  in  a  northward 
direction,  about  one  mile  east  of  Cartersville,  to  a  point  north 
and  to  the  west  of  Rowland  Springs.  Beyond  this  point  sur- 
face-indications disappear  and  no  prospect-openings  have  been 
made,  hence  it  is  not  possible  to  state  definitely  that  this  marks 
the  extreme  limit  of  the  belt  to  the  north. 
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Petrography  of  t/ie  Quartzite. 

Some  portions  of  the  Weisner  quartzite,  as  previously 
stated,  contain  interbedded  siliceous  shales  of  dark  color.  The 
quartzite  proper  varies  from  dense,  nearly  white,  and  vitreous 
massive  beds,  without  distinct  evidence  of  its  fragmental  char- 
acter visible  to  the  unaided  eye,  to  massive  beds  of  distinct 
granular  quartzite  of  light  and  dark  gray  colors.  By  far  the 
majority  of  the  beds  are  composed  of  the  granular  quartzite  in 
which  the  fragmental  character  is  plainly  evident.  In  the  gran- 
ular type  the  rock  varies  from  an  even-grained,  fine-granular 
quartzite  to  a  distinct  conglomerate  facies,  in  which  the  quartz- 
pebbles  are  usually  of  very  small  size. 

Thin  sections  show  it  to  be  a  rather  pure  quartz  rock,  com- 
posed of  quartz-grains  of  somewhat  variable  size.  In  general 
the  larger  grains  contain  some  inclusions  of  foreign  mineral 
matter.  Hardly  a  section  examined  failed  to  show,  in  a  num- 
ber of  the  larger  grains,  abundant  hair-like  needles  probably  of 
rutile,  which  are  often  bent  and  curved  and  in  many  cases 
broken.  Usually  the  grains  are  considerably  clouded  by  very 
fine  innumerable  dust-like  particles,  without  definite  arrange- 
ment, whose  exact  nature  it  was  not  possible  to  determine.  In- 
clusions of  slender  prismatic  crystals  of  apatite  are  not  uncom- 
mon in  some  of  the  thin  sections.  The  general  shape  of  the 
larger  grains  is  round.  When  examined  in  detail  the  outer 
margin  of  the  grains  invariably  presents  an  irregular,  angular 
outline,  formed  by  the  interlocking  or  dove-tailing  of  individuals 
in  a  surrounding  mosaic  of  much  smaller  quartz-granules,  which 
fills  the  entire  interstices  between  the  larger  grains.  This  mo- 
saic of  finer  quartz-particles  bounding  the  larger  grains  is  clearly 
the  result  of  peripheral  shattering  from  compression,  a  circum- 
stance which  is  further  confirmed  by  the  general  undulous  ex- 
tinction of  the  larger  grains,  and  by  the  greatly  crushed  condi- 
tion of  the  formation  in  the  field. 

Besides  quartz,  there  occurs  in  some  of  the  sections  a  slight 
sprinkling  of  feldspar  grains,  including  microcline  and  a  striated 
plagioclase,  some  calcite  and  occasionally  grains  of  a  titanifer- 
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ous  iron  oxide.  Next  to  quartz,  pyrite  is  the  most  abundant 
mineral.  It  frequently  occurs  as  fresh  grains  and  crystals ; 
more  often  as  partially  and  entirely  oxidized  in  the  form  of  iron 
oxide.  In  the  latter  case  the  original  pyrite  may  be  altered  to 
a  limonite  pseudomorph,  but  gfenerally  the  change  has  been 
rapid  and  a  cavity  preserving  the  outline  of  the  pyrite,  only 
slightly  stained  or  partially  filled  with  the  iron  oxide,  forms  the 
only  evidence  of  the  former  presence  of  the  pyrite.  The  min- 
eral, both  in  the  fresh  and  in  the  completely  oxidized  or  altered 
condition,  is  often  present  in  the  same  thin  section.  The  stain 
of  yellow  iron  oxide  derived  from  the  oxidation  of  the  pyrite 
discolors  the  section  for  some  distance  around  and  away  from 
the  position  of  the  original  sulphide  mineral.  The  stain- 
ing extends  the  farthest  along  the  sutures  between  the  quartz- 
grains  and  the  fracture-lines,  which  are  present  at  times  in  the 
grains. 

Microscopic  study  shows  quite  plainly  the  relations  of  the 
ocher  to  the  quartzite  and  its  mode  of  occurrence  in  the  rock. 
After  a  careful  study  of  a  number  of  thin  sections  under  the 
microscope  of  the  ocher-stained  rock  from  different  parts  of  the 
belt,  my  results  accord  so  closely  with  Hayes's  description  that 
I  quote  him  in  full.      He  says :  ^ 

♦*When  the  transition-rock  is  examined  under  a  microscope,  the  character  of 
the  transition  can  be  seen  even  more  clearly.  The  more  compact  portions,  which 
are  only  slightly  stained  with  iron,  are  seen  to  be  composed  of  a  transparent 
ground-mass,  threaded  with  minute  cavities,  which  penetrate  the  rock  in  all  direc- 
tions and  contain  a  fine  dendritic  growth  of  iron  oxide.  The  latter  occurs  only 
rarely  in  isolated  grains,  but  generally  in  clusters  of  minute  grains  or  fibers,  at- 
tached to  each  other  and  branching  irregularly  from  a  central  stem.  They  have 
no  trace  of  crystal  form.  Passing  toward  the  ore-body,  these  minute  passages 
become  larger  and  increase  in  frequency,  until  only  a  finely  branching  siliceous 
skeleton  remains,  the  greater  part  of  the  rock  having  been  replaced  by  the  iron 
oxide.  Under  polarized  light,  the  transparent  ground-mass  is  broken  up  into  an 
aggregate  of  small  quartz-grains,  penetrated  in  all  directions  by  the  iron  oxide. 
The  latter  does  not  lie  between  the  individual  grains,  but  passes  through  them, 
as  though  the  ground-mass  were  quite  homogeneous.  The  process  of  replacement 
is  never  complete ;  for  all  the  ocher  contains  more  or  less  sand.  When  this  is 
washed  clean  from  the  iron  oxide,  it  is  found  to  differ  from  ordinary  sand-grains 


*  Trans. ^  1901,  xxx.,  416. 
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in  having  extremely  irregular  outlines.  This  sand»  as  might  be  anticipated  from 
the  microscopic  structure  of  the  slightly  altered  quartzite,  is  evidently  composed, 
not  of  the  original  grains  of  the  rock,  but  of  detached  portions  of  the  irregular 
siliceous  skeleton,  which,  in  the  intermediate  stages  of  replacement,  holds  the 
iron  oxide  in  its  cavities." 

A  chemical  analysis  made  at  the  N.  P.  Pratt  laboratory  in 
Atlanta,  Georgia,  of  specimens  of  the  quartzite  collected  by  me 
is  given  on  page  205  of  this  paper. 

The  ocher  occurs  only  in  the  fresh  Weisner  quartzite  and 
its  decay ;  and  exposures  of  the  fresh  rock  indicate  that  it  oc- 
cupies an  extensively  shattered  zone  in  the  formation.  It  is 
found  in  place  in  the  fresh  quartzite  and  in  a  similar  position  in 
the  residual  clays  derived  from  the  decay  of  the  quartzite.  Ex- 
amples of  both  occurrences  are  abundant  in  the  region. 

Associated  Ore-Deposits. 

Besides  ocher,  the  district  is  one  of  the  largest  and  princi- 
pal producers  of  the  ores  of  iron  and  manganese  in  the  State. 
In  addition  to  these,  some  barite  has  been  mined  and  shipped 
from  the  area.  The  latter  mineral,  while  rather  largely  distrib- 
uted over  portions  of  the  region,  has  not  proved  profitable,  for 
the  reason  that  it  is  rarely  sufficiently  concentrated  for  mining 
alone,  and  it  is  not  of  sufficient  purity  to  make  a  desirable 
grade  of  marketable  baryta. 

The  ores  are  often  very  closely  associated  with  each 
other,  but  recent  study  of  them  shows  the  genesis  of  the  types 
of  ore-deposits  to  have  been  quite  different.  The  deposits  of 
yellow  ocher  are  rarely  entirely  free  from  some  admixture  of 
one  or  all  of  the  other  types  of  ores  mentioned.  These  are 
usually  present  only  in  small  quantity  in  the  ocher,  and  gen- 
erally in  sufficiently  large  fragments  to  admit  of  nearly  com- 
plete separation  from  the  ocher  by  the  usual  process  of  cleans- 
ing. 

In  many  cases  manganese  oxide,  in  the  form  of  very  finely 
disseminated  grains  or  powder,  is  not  entirely  freed  from  the 
refined  product,  and  it  is  claimed  that  a  faint  greenish  cast  is 
thereby  imparted  to  the  ocher.  The  deposits  of  ocher  and 
manganese  are  frequently  in  juxtaposition,  and  the  openings 
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employed  in  working  the  manganese  are  now  used  for  mining 
the  ocher.  Such  occurrence  is  well  illustrated  on  the  property 
of  the  Blue  Ridge  Ocher  Company,  where  large  quantities  of 
manganese-ores  were  formerly  mined,  and  the  tunnels  and 
shafts  are  now  utilized  for  removing  the  ocher.  On  the  same 
property  a  large  quantity  of  hard  and  porous  spongy  masses 
of  limonite,  occurring  as  lenses  and  irregular  seams  in  the  ocher 
beds,  was  being  removed  with  the  ocher  during  the  summer 
of  1902. 

At  the  Etowah  river,  on  the  Georgia  Peruvian  Ocher  Com- 
pany's property,  several  miles  southeast  of  Cartersville,  large 
clusters  and  groups  of  barite  crystals  are  formed  in  the  pockets 
of  ocher  and  in  the  fractures  and  caverns  of  the  quartzite.  The 
barite  often  occurs  in  divergent  groups  of  massive  tabular  crys- 
tals, giving  crested  appearance,  grading  into  both  straight  and 
curved  laminated  masses. 

Chemical  Composition  of  the  Ocher. 

The  chemical  composition  of  both  the  crude  and  the  refined 
ocher  is  shown  in  the  table  of  analyses  below,  made  by  the  N. 
P.  Pratt  laboratory,  in  Atlanta,  Georgia. 

Table  of  Chemical  Analyses  of  tlie    Crude   and   Refined  Oc/ier. 


Samples. 

I. 

II. 

III. 

IV. 

V. 

VI. 

VII. 

VIII. 

Per 

Per 

Per 

Per 

Per 

Per 

Per 

Per 

Cent. 

Cent. 

Cent. 

Cent. 

Cent. 

Cent. 

Cent. 

Cent. 

FeA,         . 

72.29 

56.29 

65.49 

54.60 

67.37 

61.40 

67.32 

62  79 

AlA,        . 

5.55 

10.15 

7.20 

6.68 

6.85 

7.14 

5.86 

6.94 

FeO, 

0.46 

0.39 

— '^ 











MnO^, 

0.87 

0.54 

1.80 

1.50 

2.04 

2.00 





SiOj  (free  sand), 

6.65 

8.94 

7.76 

17.42 

6.54 

11.89 

9.14 

6.20 

SiOj  (combined  as  sili- 

cates),    . 

3.98 

9.49 

6.85 

10.08 

6.61 

5.84 

6.35 

9.78 

HjO  at  105 

°C,  . 

0.55 

2.08 

0.40 

0.48 

0.96 

0.46 

0.78 

0.50 

HjO  above 

105**  C,     . 

9.22 

11.34 

10.50 

9.24 

9.63 

9-37 

9.60 



Total, 

99-57 

99.22 

100.00 

100.00 

100.00 

100.00 

99.05 
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I.  Crude  ocher  from  Mansfield  Brothers'  property.     Lot  No.  462,  4th  Dis- 

trict,"" 3d  Section,  Bartow  county,  Georgia. 

II.  Crude  ocher  from  the  John  P.  Stegall  property,  near  Emerson,  Bartow 

county,  Georgia. 

III.  IV,  V  and  VI.     Refined  ocher  from  the  Blue  Ridge  Ocher  Company's 

property.  Lot  No.  490,  4th  District,  3d  Section,  Bartow  county, 
Georgia.  Furnished  by  courtesy  of  the  Manager,  Captain  John  Pos- 
tell,  Cartersville,  Georgia. 

VII.  Refined  ocher  from  the  Cherokee  Ocher  &  Barites  Company's  prop- 
erty, one  mile  east  of  Cartersville.  Furnished  by  courtesy  of  the 
President,  Mr.  T.  W.  Baxter,  Atlanta,  Georgia. 

VIII.  Refined  ocher  from  the  American  Ocher  Company's  property.  Lot 
No.  475,  4th  District,  3d  Section,  Bartow  county,  Georgia.  Furnished 
by  courtesy  of  the  Manager,  Mr.  Waite,  Cartersville,  Georgia. 

The  analyses  are  sufficiently  explanatory,  and  attention 
need  only  be  called  to  one  feature,  namely,  the  high  percentage 
of  ferric  oxide.  Assuming  all  the  ferric  oxide  to  be  combined 
with  water  ^  in  the  proportion  to  form  limonite,  and  calculating 
on  this  basis  the  percentage  amount  of  limonite  in  each  analy- 
sis, we  find  an  average  of  78.33  percent,  for  the  eight  analyses. 
This  means  that  about  one-fourth  of  the  entire  product  consists 
of  foreign  mineral  matter,  in  the  form  of  impurities  that  can- 
not be  separated  from  the  hydrous  iron  oxide  (ocher)  by  the 
present  methods  of  cleansing.  Field-  and  laboratory-studies 
show  this  admixed  mineral  matter  to  consist  largely  of  clay  and 
very  finely  divided  quartz-particles,  with,  in  many  cases,  smaller 
amounts  of  manganese  oxide.  Notwithstanding  these  facts  the 
yellow  ocher  of  the  Cartersville  district  is  one  of  the  very  best 
mined  in  the  United  States,  and  is  the  equal  of  most  of  the  for- 
eign ochers  of  this  color. 

Mode  of  Occufirnce  of  the  Ocher, 

As  previously  defined,  the  yellow  ocher  belt  in  Bartow 
county  is  entirely  limited  to  the  Weisner  quartzite  of  lower 
Cambrian  age.  Field-study  shows  that  the  ocher  occurs  in  both 
the  hard  and  fresh  quartzite  and  in   the  residual  clays  derived 


*  Only  in  one  case,  analysis  II  of  the  table,  is  there  sufficient  water  indicated 
in  the  analyses  to  satisfy  all  of  the  ferric  oxide  according  to  the  formula  2Fe20,. 
3H,0. 
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from  the  decay  of  the  quartzite.  So  far  as  mining  developments 
have  been  made  in  the  area,  the  ocher  has  nearly  equal  occur- 
rence in  the  fresh  and  in  the  decayed  quartzite.  At  every 
point  examined,  its  position  in  the  residual  clays  is  in  all  re- 
spects similar  to  that  in  the  hard  and  fresh  rock.  Its  occur- 
rence in  the  fresh  and  in  the  altered  rock  can  best  be  described 
separately. 

Occurrence  in  the  Fresh  Rock, — Abundant  opportunity  is  af- 
forded for  studying  the  mode  of  occurrence  of  the  ocher  in  the 
fresh  rock  over  many  parts  of  the  area,  from  the  good  natural 
exposures  of  the  rock.  (See  Figs.  4,  5  and  6.)  For  the  study 
of  the  ocher  in  its  relations  to  the  fresh  rock,  the  best  section 
is  at  the  wooden  bridge  over  the  Etowah  river,  two  miles  south- 
east of  Cartersville,  where  the  river  has  cut  across  one  of  the 
quartzite  ridges  and  where  extensive  mining  has  been  done  by 
the  Georgia  Peruvian  Ocher  Company.  Here  the  quartzite  has 
been  extensively  crushed  and  shattered  from  compression,  so 
"that  it  is  difficult  to  determine  the  original  bedding  of  the  rock 

(Fig.  4). 

Concerning  the  occurrence  of  the  ocher  at  this  locality, 
Doctor  Hayes  says  :^  '*The  ocher  forms  a  series  of  extremely 
irregular  branching  veins,  which  intersect  this  shattered  quartz- 
ite without  any  apparent  system.  They  frequently  expand  into 
bodies  of  considerable  size ;  and  when  the  ocher  is  removed, 
rooms  from  6  to  10  ft.  in  diameter  are  sometimes  left,  connected 
by  narrow  winding  passages.  The  mining  of  the  ocher  has  left 
the  point  of  the  ridge  completely  honey-combed  with  these 
irregular  passages  and  rooms. 

**The  contact  between  the  ocher  and  the  inclosing  quartz- 
ite is  never  sharp  and  distinct,  but  always  shows  a  more  or  less 
gradual  transition  from  the  hard  vitreous  quartzite,  to  the  soft 
ore  which  may  be  easily  crushed  between  the  fingers.  The 
quartzite  first  becomes  stained  a  light  yellow,  and  loses  its  com- 
pact, close-grained  texture.  This  phase  passes  into  a  second, 
in  which  the  rock  is  perceptibly  porous,  having  a  rough  fracture 


*  Trans, f  xxx.,  415-416. 
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and  a  harsh  *feel, '  and  containing  enough  ocher  to  soil  the  fin- 
gers. In  the  next  phase  the  ocher  preponderates,  but  is  held 
together  by  a  more  or  less  continuous  skeleton  of  silica,  although 
it  can  be  readily  removed  with  a  pick.  The  final  stage  in  the 
transition  is  the  soft  yellow-ocher.  filling  the  veins,  which  crum- 
bles on  drying,  and  contains  only  a  small  proportion  of  silica  in 
the  form  of  sand-grains. 

**The  intermediate  zone  between  the  pure  ocher  and  the 
quartzite  is  usually  a  few  inches  in  thickness,  although  it  may 
be  several  feet  between  the  extremes,  and.  on  the  other  hand, 
sometimes  only  a  fraction  of  an  inch.'* 

Microscopic  study  of  a  large  number  of  thin  sections  of  the 
ocher-charged  quartzite  collected   from  all  parts  of  the  area  dis- 
closes, with  but  few  exceptions,  either  the  former  or  the  exist- 
^"g  presence  of  pyrite.     In  many  of  the  sections  at  least  a  part 
ol  the  pyrite  is  entirely  fresh  and  unaltered,  but  in  a  majority 
^^  them  the  pyrite  has  been  completely  oxidized,  leaving  the 
^^'ginal  space  occupied  by  the   mineral  only  partially  filled,  as 
^  ^^^e,  by  its  alteration -product,  iron  oxide.    Between  these  two 
^-^tretties,    of  scant  iron  oxide   partially  lining  the  cavity  and 
P^eudomorphic  limonite  filling  the  entire  cavity,  all  gradations 
^'-e  traced. 

The  full  and  accurate  description  quoted  above  from  Hayes 

^*^^  ocher-occurrence  in  the  fresh  quartzite  in  the  section  ex- 

^^^   at  the  wooden  bridge  oyer  the  Etowah  river,  similarly 

^^*^s  to  the  remaining  exposures  over  the  area  studied  by 

•     *ri  which  sections  show  the  occurrence  of  ocher  in  the  fresh 

.  Ocairrence  in  tfie  Residual  Clays. — ^The  area  is  oneof  pro- 

^^^  atmospheric  decay,  and  exposures  of  the  fresh  rock  are 

.    ^i^  seen,  except  on  the  steeper  ridge  slopes  and  crests.    The 

^^*  cuts  the  enclosing  clays  in  a  very  irregular  manner,  form- 

^-   series  of  irregular  branching  deposits  which  correspond 

^^^ins  in  the  fresh  rock.     The  ore-bodies  narrow  and  widen, 

^    ^nd  thicken,  throughout  their  extent.     Irregularity  results 

*>^   as  to  the  vertical  and   the  lateral   distribution   of  the  de- 

P  ^^^.     The   contact   between    the  ocher-bodies  and  the  sur- 


Digitized  by  VjOOQIC 


2i6       Bulletin  of  Laboratories  of  Denison   University,     [Voi.  xii 

rounding  clays  is  never  entirely  sharp,  but  a  more  or  less  grad- 
ual transition  trom  the  clays  to  the  pure  ocher  is  usually  shown. 
The  ocher-charged  clays  at  the  point  of  contact  lessen  consid- 
siderably  in  the  ocher-content  a  short  distance  away,  and  is  en- 
tirely absent  from  the  clays  at  some  distance  from  the  point  of 
contact.  As  in  the  case  of  the  ocher-bodies  in  the  fresh  rock, 
the  transition  zone  between  the  clay  and  the  pure  ocher  is  quite 
variable,  from  a  few  inches  or  less  to  as  many  feet  between  the 
extremes. 

The  field  conditions  make  it  entirely  plain  that  the  position 
of  the  ocher  in  the  clays  is  in  all  respects  similar  to  that  in  the 
fresh  rock.  Evidence  pointing  to  leaching  or  concentration  of 
these  bodies  upon  weathering  of  the  rock  is  lacking.  Some- 
what extensive  mining  on  the  properties  of  the  Blue  Ridge 
Ocher  Company,  the  Cherokee  Ocher  &  Barytes  Company,  and 
the  American  Ocher  Company,  affords  the  best  opportunity  for 
studying  the  mode  of  occurrence  of  the  ocher  in  the  residual 
clays. 

Origin  of  t/w  Ocher, 

The  mode  of  occurrence  of  the  ocher  when  viewed  in  its 
relations  to  the  character  and  structural  conditions  of  the  enclos- 
ing rock  forms  the  strongest  possible  argument  for  the  theory 
favoring  its  formation  from  solution.  All  evidence,  both  from 
field-  and  laboratory-study  goes  to  prove  that  the  deposition  of 
the  ocher  has  taken  place,  not  by  simple  filling  of  cavities  and 
fissures  in  the  rock,  but  by  a  molecular  replacement  of  the  orig- 
inal rock.  The  principal  evidence  in  proof  of  this  is  summed 
up  as  follows : 

I.  In  nearly  every  instance  of  exposure  of  the  fresh  rock 
over  the  ocher-belt  the  rock  is  found  to  be  extensively  crushed 
and  shattered  and  cut  in  all  directions  with  lines  of  fracture, 
by  compression.  This  mechanical  action  was  more  than  prob- 
ably accompanied  by  heat,  and  the  zone  of  crushed  rock  af- 
forded ready  and  natural  passage-ways  for  underground  circu- 
lating waters,  both  of  which  were  conducive  or  favorable  to  in- 
creased chemical  action. 
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2.  The  contact  between  the  ocher  and  the  surrounding 
quartzite  is  never  sharp  and  distinct,  but  is  marked  by  a  gradual 
transition  from  the  hard  quartzite  to  the  soft  ore.  The  transi- 
tion-zone between  the  hard  quartzite  and  the  soft  ocher  varies 
from  a  few  inches  to  several  feet  in  thickness  between  the  two 
extremes. 

3.  The  exceedingly  irregular  character  of  the  ore-bodies 
and  their  distribution  in  the  enclosing  rock  furnish  further  evi- 
dence. The  shattered  rock  is  cut  in  all  directions  by  exceed- 
ingly irregular  branching  veins  of  the  ocher,  which  narrow  and 
widen,  thin  and  thicken  indiscriminately,  without  apparent  re- 
gard to  system  or  uniformity. 

4.  Microscopic  study  of  the  transition-portion  of  the  rock 
makes  plain  the  relations  of  the  ocher  to  the  quartz-rock  and 
the  mode  of  ore-occurrence  in  the  rock.  The  iron  oxide  (ocher) 
usually  cuts  across  the  quartz-grains  instead  of  lying  between 
them.  This  replacement  process  is  never  complete,  but  all  the 
ocher  contains  more  or  less  free  quartz-grains  distributed  through 
it.  The  grains  are  very  irregular  in  outline,  which  distinguishes 
them  from  ordinary  quartz-  or  sand-grains,  and  they  were  evi- 
dently formed  from  solution. 

5.  Finally,  the  replacement-hypothesis  is  strengthened  by 
the  general  appearance  of  the  rock  which  affords  in  places  evi- 
dence of  solution  and  redeposition  of  the  silica.  Small  cavities 
are  frequently  observed  penetrating  the  quartzite,  and  lined  with 
very  small  crystals  of  quartz  deposited  from  solution.  Also, 
the  skeleton  of  silica  holding  the  ocher  together  and  the  sand- 
grains  disseminated  through  the  purer  beds  of  soft  ocher  appear 
to  have  been  derived  by  deposition  from  solution,  rather  than 
to  be  composed  of  grains  of  the  original  rock. 

The  source  of  the  iron  oxide,  and  the  solution  of  the  quartz 
of  the  rock  and  its  replacement  by  the  iron  oxide  (ocher)  have 
been  previously  discussed  in  some  detail  by  Hayes,  *  and  need 
not  be  repeated  here.  After  a  microscopic  study  of  a  large 
number  of  thin  sections  of  the   ocher-charged   and   the   ocher- 


*   Trans. ^  xxx.,  403. 
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free  quartzite,  I  feel  reasonably  certain  that  an  additional  source 
of  the  iron  oxide  not  considered  by  Hayes,  is  derived  from  the 
oxidation  of  disseminated  pyrite  through  the  quartzite.  The 
source  of  iron  oxide  from  this  direction  may  possibly  have  been 
of  only  secondary  importance. 

Economic  Features. 
Met/iods  of  Mining, 

The  ocher-deposits  to  be  mined  in  the  Cartersville  district 
form  extremely  irregular  branching  veins,  which  intersect  the 
rock  in  almost  every  direction.  The  ore-bodies  may  occur  en- 
closed in  the  hard  and  fresh  quartzite,  or  they  may  be  entirely 
enclosed  in  the  residual  decay  derived  from  the  quartzite.  The 
bodies  of  pure  ocher  are  usually  soft  and  clay-like  in  character, 
and  the  ore  is  easily  mined  with  the  pick  and  shovel.  They 
are  generally  exposed  along  the  slopes  and  summits  of  the 
quartzite  hills  and  ridges. 

On  those  properties  in  the  district  where  systematic  mining 
has  been  done,  the  method  employed  consists  of  tunnels  driven 
into  the  ridge,  from  which  drifts  are  worked  at  suitable  points. 
In  this  way  a  number  of  levels  have  been  worked,  one  above 
the  other,  on  several  of  the  properties.  Occurrence  of  the  ocher 
in  the  fresh  rock,  as  on  the  Georgia  Peruvian  Ocher  Company's 
property  at  the  wooden  bridge  across  the  Etowah  river,  at  times 
necessitates  blasting.     (See  Fig.  4). 

Timbering  is  necessary  in  the  tunneling,  as  caving  is  apt 
to  occur.  The  undergound-mining  is  also  extensive  enough  to 
necessitate  tramways  and  lights.  The  tram-cars  are  drawn  in 
and  out  of  the  mines  either  by  mules  or  by  means  of  steam  and 
cable.     Both  are  in  use  in  the  Cartersville  mines. 

Preparation  of  the  Ocher, 
The  only  preparation  necessary  involves  the  separation  of 
the  ocher  from  its  mechanically  admixed  impurities  as  mined, 
which  consist  principally  of  clay,  sand,  and  manganese  oxide. 
These  are  freed  from  the  ocher  by  a  process  of  washing  in  run- 
ning water,  floating,  and  settling  of  the  ocher  in  vats,  from 
which  the  water  is  evaporated. 
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With  one  exception,  the  form  of  washer  in  use  at  the 
different  plants  in  the  district  is  of  the  kind  used  in  washing  the 
manganese  and  brown  iron-ores,  known  as  the  log-washer,  and 
has  been  described  by  me  in  a  former  paper,  *  entitled  *  'The 
Geologic  Relations  of  the  Manganese  Ore- Deposits  of  Georgia.*'^ 

The  form  of  washer  in  use  at  the  Blue  Ridge  Ocher  Com- 
pany's plant  was  planned  for  the  purpose  of  diminishing  the 
grinding  and  rubbing  action  of  the  log-washer,  and  thereby  de- 
crease proportionately  the  resulting  percentage  of  finely  divided 
impurities,  principally  sand  and  manganese  dioxide,  which 
would  be  floated  with  the  ocher.  The  washer  consists  of  a 
V-shaped  box  about  7  ft.  in  length,  5  ft.  high,  and  3  ft.  wide  at 
the  top.  In  the  bottom  of  the  box  is  fastened  a  3-in.  pipe  with 
^-in.  perforations  along  the  top  at  intervals  of  about  1.25  in. 
The  water  is  introduced  into  this  pipe,  and  passes  into  the  box 
through  the  perforations  in  the  pipe.  Over  this  pipe  revolves  a 
shaft  set  with  i-in.  pins  so  arranged  that  those  of  one  row  fall 
just  halfway  between  those  of  the  next,  giving  a  spacing  of  2- 
in.  between  pins,  if  they  were  aligned  in  the  same  row. 

By  this  arrangement  the  ocher  is  sufficiently  disintegra,ted 
without  being  subjected  to  the  grinding  and  rubbing  action  of 
the  ordinary  log-washer.  The  water  containing  the  suspended 
particles  of  ocher  overflows  at  the  top  of  the  washer-box  into  a 
line  of  troughs,  through  which  it  passes  into  the  settling-vats. 
The  ocher  is  further  purified  by  the  settling  of  a  portion  of  the 
impurities  along  the  bottom  of  the  troughs  in  transit  to  the  vats. 
After  the  overflow  becomes  thin,  showing  that  the  ocher  in  the 
charge  is  about  exhausted,  a  long  narrow  door  at  the  bottom 
of  the  washer  is  raised  and  the  sand,  clay,  etc.,  mixed  with 
some  ocher,  are  washed  through  and  carried  off  in  a  trough  as 
waste. 

I  am  reliably  informed  by  the  manager  of  this  plant  that 
the  washer  of  the  size  above  stated  easily  handles  from  25  to  30 
tons  of  ocher  per  day  of  ten  hours,  and  that  all  the  necessary 


*  Trans, ^  xxxiv.,  p.  207. 

•  Reprint,  BulUHn  Scientific  Laboratories  of  Denison  University y  1904,  Vol. 
XII,  Art.  X,  pp.  146-198. 
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work,  including  cleaning  of  the  troughs,  etc.,  is  readily  per- 
formed by  three  ordinary  laborers. 

The  ocher  passes  from  the  washer,  through  a  line  of  troughs, 
into  a  series  of  settling-vats  dug  in  the  ground,  and  is  exposed 
throughout  the  day  to  the  direct  heat  of  the  sun.  After  it  has 
settled,  and  as  much  as  possible  of  the  water  siphoned  off  by 
rubber-hose,  the  remainder  of  the  water  is  expelled  by  evapora- 
tion. As  soon  as  it  is  stiff  enough  to  be  handled,  the  ocher  is 
removed  from  the  vats  and  placed  on  drying-racks  under  a  shed 
where  the  drying-process  is  completed.  (See  Fig:  7).  The 
time  required  for  the  evaporation  of  the  water  from  the  ocher 
in  the  vats  sufficient  to  admit  of  handling  will  average  about  ten 
days  in  clear  summer  weather.  It  requires  from  eight  to  twelve 
days  of  similar  weather  to  complete  the  drying  on  the  racks  be- 
fore the  ocher  can  be  pulverized. 

Evaporation  is  either  by  natural  means — exposure  to  the 
heat  of  the  sun — or  by  artificial  means  promoted  by  steam- 
heating.  Several  of  the  plants  in  the  district  are  fully  equipped 
for  both  natural  and  artificial  evaporation.  The  artificial  drying 
is  in  vats  or  tanks,  arranged  in  series,  in  which  iron-pipes  are 
run  at  close  intervals  along  the  sides  and  bottoms  for  steam- 
heating.  Drying  by  this  method  requires  usually  not  longer 
than  one  or  two  days,  when  the  ocher  is  ready  to  be  removed 
to  the  racks  and  the  drying  continued  for  the  usual  time,  froui 
eight  to  twelve  days,  before  it  is  dry  enough  to  be  pulverized. 
While  the  time  is  much  shortened  by  the  steam-drying  over 
that  of  the  natural  evaporation  by  the  sun,  the  ocher  is  less  de- 
sirable than  the  sun-dried  material;  the  reason  for  this  being 
that  near  the  pipes  the  heat  is  strong  enough  to  dehydrate  par- 
tially or  calcine  the  ocher,  changing  its  color  from  yellow  to 
dark  red.  For  this  reason  some  plants  in  the  district  have  not 
included  an  equipment  for  artificial  drying. 

After  being  thoroughly  dried,  the  ocher  is  pulverized  and 
packed  under  steam-pressure  in  barrels  and  bags  of  uniform 
size,  ready  for  shipment. 

Fig.  8  presents  a  view  of  the  plant  of  the  American  Ocher 


Digitized  by  VjOOQ IC 


,\ 


/ 


^•J  Watson.    Yellow  Ocher- Deposits  of  Georgia.  22 1 

^   ,  Pany,  two-and-a-half  miles  northeast  of  Cartersville.     The 
'^g-racks  are  shown  in  the  rear  of  the  main  building. 

Uses. 

•  ,  vhe  principal  use  made  of  the  Cartersville  ocher  at  present 
^^  the  manufacture  of  linoleum  and  oil-cloths.  For  this  con- 
sumption the  principal  markets  are  in  England  and  Scotland,  to 
which  the  bulk  of  the  Cartersville  product  is  exported.  Some 
of  it  is  used  in  the  United  States  for  a  similar  purpose.  It  is 
also  used  to  a  limited  extent  in  the  manufacture  of  paints.  By 
calcining,  the  ocher  is  converted  into  a  desirable  dark  red 
pigment. 
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THE  LEOPARDITE  (QUARTZ  PORPHYRY)  OF  NORTH 

CAROLINA.' 
By  Thomas  L.  Watson. 

INTRODUCTORY     STATEMENT. 

While  engaged,  during  the  past  summer,  in  a  study  of 
the  granites  of  North  Carolina  for  the  State  Survey,  opportunity 
offered  for  examination  in  the  field  of  the  well-known  and  inter- 
esting rock  called  •  *leopardite. "  which  occurs  near  Charlotte  in 
Mecklenburg  county.  Knowledge  of  the  occurrence  of  this 
rock  in  the  state  dates  back  many  years,  and  brief  descriptions 
of  it  have  been  published  from  time  to  time  by  different  writers, 
as  noted  below  in  the  appended  references. 

In  1853  Dr.  Hunter*  briefly  described,  megascopically,  the 
general  appearance,  including  locality,  of  the  leopardite  found 
near  Charlotte,  Mecklenburg  county.  North  Carolina.  He 
says:  "It  is  noticed  by  Professor  Shepard,  under  the  head  of 
feldspar,  as  the  leopard  stone  of  Charlotte,  North  Carolina." 
Professor  Shepard  regarded  it  as  composed  of  compact  feldspar 
and  quartz  spotted  by  the  oxides  of  iron  and  manganese.  Hun- 
ter suggested  the  propriety  of  retaining  the  name  •leopardite," 
for  the  reason  that  it  is  quite  characteristic  of  a  rather  unique 
rock.  In  the  same  paper  the  author  refers  to'  a  second  locality 
in  Lincoln  county,  North  Carolina,  where  leopardite  had  recent- 
ly been  found.  Concerning  the  character  of  the  rock  in  Lin- 
coln county,  he  says:  'The  pervading  stripes  are,  however, 
generally  finer ;  and  when  broken  diagonally,  it  presents  a  hand- 
some aborescent  appearance." 

In  1862  Dr.  F.  A.  Genth^  described  the  leopardite  occur- 


Reprinted  irom  Journal  of  Gfoioxv^  Vol.  XII,  No.  3,  April-May,  1904. 

*  Published  by  permission  of  the  state  geologist  of  North  Carolina. 

*  C.  L.  Hunter,  "Notices  of  the  Rarer  Minerals  and  New  Localities  in  West- 
ern North   Carolina,"    American  Journal  of  Science^  Vol.  XV,  (1853,  2d  ser.),  p. 

377. 

»  F.  A.  Genth,   "Contributions  to   Mineralogy,"  ibid.y  Vol.  XXXIII,  (1862, 
2d  ser.),  pp.  197,  198. 
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ring  near  Charlotte  as'  a  true  porphyry,  and  gave  some  general 
results  of  a  microscopical  examination  of  thin  sections  of  the 
rock,  including  a  chemical  analysis.  Still  a  third  locality  in 
North  Carolina  where  leopardite  is  reported  to  be  found  is  re- 
ferred to  by  Genth,  namely,  near  the  Steel  mine  in  Montgom- 
ery county. 

More  recently  the  leopardite  occurring  near  Charlotte  has 
been  noted  by  Merrill*  and  Lewis*.  After  briefly  describing 
the  general  appearance  of  the  rock.  Professor  Merrill  makes 
further  statement  of  its  economic  value.  In  connection  with 
his  work  on  the  building  stones  of  North  Carolina,  Lewis  visit 
ed  the  locality  to  the  east  of  Charlotte,  where  the  leopardite  is 
.  exposed,  and,  so  far  as  contained  in  published  accounts  of  the 
rock  known  to  me,  he  was  the  first  to  note  its  true  geo- 
logical occurrence. 

Quartz  porphyries  in  association  with  other  closely  similar 
acid  volcanic  rocks  are  developed,  in  places,  over  the  central 
and  the  northwestern  parts  of  the  state.  So  far  as  known  at 
present,  the  areas  of  acid  volcanic  rocks  are  confined  to  the  vol- 
canic belt  which  skirts  the  western  margin  of  the  Triassic  sand- 
stone in  the  eastern  Piedmont  region,^  and  to  several  of  the  ex- 
treme northwest  counties^  of  the  state.  These  rocks  show  no 
essential  differences,  so  far  as  they  have  been  studied,  from  cer- 
tain areas  of  similar  ones  which  occur  and  are  traced  at  irregu- 
lar intervals  northward  along  the  Atlantic  border  region  of 
North  America  as  far  as  Newfoundland. 

Of  those  occurrences  in  North  Carolina,  the  quartz  por- 
phyry found  near  Charlotte  is  the  only  one  visited  by  me  that 


*  George  P.  Merrill,  Stones  for  Building  and  Decoration  (New  York,  1^97), 
2d  ed.,  pp.  272,  273. 

'  J.  V.  Lewis,  Notes  on  Building  and  Ornamental  Stone,  First  Biennial  Re- 
port of  the  State  Geologist^  N.  C.  Geological  Survey^  1893,  p.  102. 

*  George  H.  Williams,  "The  Distribution  of  Ancient  Volcanic  Rocks  Along 
the  Eastern  Border  of  North  America,"  foumal  of  Geology,  Vol.  II  (1894),  pp. 
1-32  ;  J.  S.  Diller,  "Origin  of  Paleotrochis,"  American  Journal  of  Science,  Vol. 
VII  (1899,  4th  ser.),  pp.  33742* 

*  A.  Keith,  Bulletin  No,  168,  U.  S.  Geological  Survey,  p.  52 ;  Geologic  Aths 
of  the  United  States f  "North  Carolina-Tennessee,  Cranberry  Folio,"  1903. 
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shows  the  characteristic  spotted  appearance  so  suggestive  of  the 
name  "leopardite. "  Except  for  the  mottled  or  spotted  appear- 
ance produced  by  rounded  black  areas  of  metallic  oxides,  the 
Charlotte  rock  differs  but  slightly,  if  at  all,  in  essential .  charac- 
ters from  quartz  porphyries  described  from  other  localities.  (See 
table  of  analyses  on  p.  229). 

LOCATION    AND   OCCURRENCE. 

The  leopardite  is  exposed  in  a  number  of  small  outcrops 
at  Belmont  Springs,  about  one  and  a  hal{  miles  east  of  Char- 
lotte. Beginning  on  top  of  the  hill,  several  hundred  yards 
above  the  spring  the  rock  is  traced  in  outcrops  over  the  surface 
for  a  distance  of  a  quarter  to  a  half  mile  in  a  north  yf  east  di- 
rection. It  forms  a  true  dike,  intersecting  a  medium  textured 
and  colored,  sheared  and  crushed,  biotite  granite ;  and,  so  far, 
as  it  was  possible  to  determine,  the  dike  nowhere  exceeds 
twenty-five  feet  in  width,  with  a  smaller  average  cross-section. 
A  small  opening  in  one  of  the  outcrops  from  which  some  of 
the  rock  has  been  blasted  reveals  a  sharp  contact  between  the 
quartz  porphyry  and  the  inclosing  granite. 

MEGASCOPIC     DESCRIPTION. 

The  fresh  rock  is  nearly  white,  tinged  the  faintest  greenish 
in  places,  and  penetrated  by  long  parallel  streaks  or  pencils  of 
a  dead  black  color.  When  broken  at  an  angle  to  the  direction 
of  the  pencils,  the  rock  surface  appears  spotted  with  rounded, 
irregular  black  points,  ranging  in  size  up  to  half  an  inch  in  di- 
ameter. At  times  the  roundish  points  are  somewhat  irregular 
and  only  partially  developed,  as  shown  in  the  lower  left  half  of 
Fig.  I .  These  may  be  crowded  close  together  over  the  surface, 
as  seen  in  the  figure,  or  they  may  be  entirely  ab.sent  from  some 
areas  and  irregularly  distributed  at  wide  intervals  over  others,  as 
indicated  in  Fig.  3.  Indeed,  the  black  points  are  reported  to  fail 
entirely  in  the  rock  as  the  dike  is  traced  northward,  when  the 
rock  assumes  a  uniformly  light  color  throughout.  However, 
every  outcrop  and  specimen  of  the  rock  seen  by  me  contained 
them. 
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A  section  cut  parallel  to  the  direction  of  the  pencils  pre- 
sents a  surface  streaked  with  long,  somewhat  irregular,  though 
roughly  parallel,  black  lines,  more  or  less  perfect  dendritic  or 
fern-like  forms  (Figs.  2  and  3).  I  was  shown  recently  a  large 
slab  of  the  rock  collected  from  one  of  the  outcrops  since  my 
examination  in  the  summer  of  1903,  which,  for  perfection  and 
delicacy  of  tracery  in  fern-like  forms,  was  beautiful  beyond  de- 
scription. The  black  streaks  or  pencils  which  characterize  the 
rock  are  composed  of  a  staining  of  the  oxides  of  manganese 
and  iron. 

The  rock  is  cryptocrystalline  in  texture,  breaking  with  a 
conchoidal  fracture,  and  is  intensely  hard  and  tough.  Minute 
quartz  crystals  of  doubly  terminated  pyramidal  faces  are  dis- 
tributed through  the  rock  at  irregular  wide  intervals.  These 
are  nowhere  abundant  in  the  rock,  but  they  are  always  present 
to  some  extent,  and  consist  both  of  the  light-colored  and  dark, 
smoky,  vitreous  quartz.  Indeed,  unless  carefully  examined, 
the  rock  would  ordinarily  be  pronounced  non-porphyritic  in 
texture,  so  small  and  scattering  are  the  porphyritically  devel- 
oped quartzes.  Megascopically,  porphyritic  texture  is  nowhere 
particularly  emphasized  in  the  rock,  but  its  slight  development 
is  best  seen  on  a  weathered  surface  of  the  stone,  where  the  un- 
altered quartz  crystals,  though  few  in  number  and  widely  scat- 
tered, contrast  more  strongly  with  the  weathered  surface  and 
appear  more  conspicuous  than  in  the  fresh  rock.  Feldspars 
are  also  porphyritically  developed,  as  described  below,  though 
the  phenocrysts  are  difficult  of  differentiation  in  hand  specimens 
of  the  rock. 

MICROSCOPICAL   DESCRIPTION. 

In  thin  sections  the  rock  consists  of  a  holocrystalline 
groundmass  and  scattered  small  porphyritic  crystals.  Flow- 
structure  is  not  exhibited  in  the  groundmass,  and  the  pheno- 
crysts indicate  no  orientation  with  respect  to  each  other.  The 
groundmass  is  micro-granitic  in  structure,  though  some  sections 
show  much  of  the  micro-granophyric  structure,  with  an  irregu- 
lar  radial,    spherulitic,    structure   developed   in  greater  or  less 
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proportion  in  all  of  the  sections  studied.  When  they  form 
complete  spheres,  which  is  rarely  the  case,  they  usually  exhibit 
somewhat  irregular  ragged  peripheries,  and  further  show  usu- 
ally between  cross  nicols  a  very  indefinite  black  cross.  The 
form  of  the  grains  in  the  typical  micro-granitic  areas  of  the 
groundmass  is  sharp  and  allotriomorphic  to  partially  idiomor- 
phic.  The  principal  groundma.ss  minerals  are  feldspar  and  quartz, 
with  much  light-colored  mica,  and  an  occasional  inclusion  of 
prismatic  apatite  and  zircon.  Irregular  minute  grains  of  iron 
oxide  are  scattered  through  the  sections,  and  stained  areas  from 
manganese  and  iron  oxides,  forming  the  dark  spots  and  pencils 
in  the  hand  specimens,  occur.  The  thin  sections  are  character- 
ized by  the  complete  absence  of  ferro-magnesian  minerals. 

Feldspar  is  apparently  in  largest  quantity,  and  is  composed 
of  both  potash  and  plagioclase  species.  Occasional  grains 
of  microcline  are  recognized  which  show  the  characteristic  mi- 
crocline  twinning.  The  unstriated  feldspar  grains  so  strongly 
resemble  quartz  that  it  ig  impossible  in  many  cases  to  distin- 
guish them  without  the  application  of  optical  tests.  Optical 
tests  show  the  plagioclase  to  be  albite — a  circumstance  entirely 
confirmed  by  the  chemical  analysis  of  the  rock  given  below  in 
the  table  of  analyses  under  I,  in  which  only  the  barest,  trace  of 
lime  is  indicated,  with  soda  in  large  amount  and  in  excess  of 
the  potash.  Some  of  the  plagioclase  exhibits  polysynthetic 
twinning  according  to  the  albite  law,  and  at  times  assumes  lath- 
shaped  forms.  The  feldspar  substance  is  generally  fresh,  but 
the  individual  grains  are  usually  rendered  dark  by  abundant, 
closely  crowded,  minute,  dark,  dust-like  particles,  the  identity 
of  which  could  not  be  made  out. 

Quartz  is  of  the  usual  kind  and  presents  no  noteworthy 
features,  further  than  its  occurrence  in  small  mosaics  of  inter- 
locking grains,  which  occupy  at  times  distinct  areas  in  some  of 
the  -thin  sections. 

Light-colored  mica,  tinged  a  faint  yellow,  is  very  generally 
distributed  through  the  sections,  in  the  form  of  irregular  minute 
shreds,  groups,  and  aggregated  masses,  the  folia  of  which  are 
at  times  imperfectly  arranged   radially  about  a  common  center. 
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A  part,  at  least,  of  the  mica  is  clearly  secondary,  while  some  of 
it  is  yet  doubtful  as  to  origin,  whether  primary  or  secondary. 
Its  general  appearance  and  association  in  the  sections  might 
very  well  indicate  secondary  formation  for  all  of  it. 

Phenocrysts  of  both  quartz  and  feldspar  occur  in  well-de- 
veloped idiomorphic  forms,  usually  in  rectangular  and  squarish 
cross-sections.  In  the  thin  sections  studied,  phenocrysts  of  feld- 
spar are  more  abundant  than  quartz ;  and  while  the  porphyritic 
texture  is  poorly  developed  in  the  hand  specimens,  it  is  very 
pronounced  in  the  thin  sections.  The  quartz  phenocrysts  show 
irregular  fractures  free  from  impurities,  strained  shadows,  and 
occasionally  inclose  grains  of  feldspar.  The  porphyritic  feld- 
spars show  in  part  broadly  twinned  bands  of  plagioclase,  and 
untwinned  orthoclase.  These  are  frequently  rendered  nearly 
opaque  from  innumerable,  closely  crowded,  dark  inclusions  not 
identifiable,  along  with  minute  spangles  of  colorless  mica.  Zonal 
structure  is  rarely  observed,  and  cleavage  is  usually  wanting. 
Around  the  borders  of  several  of  the  feldspar  phenocrysts 
slight  embayments,  produced  by  incipient  resorption,  are  no- 
ticeable. 

Several  of  the  sections  were  so  cut  as  to  include  areas  of 
the  black  pencils  which  characterize  the  rock,  megascopically. 
These  are  distinguished,  microscopically,  from  the  white  por- 
tions of  the  groundmass  only  by  a  distinct  medium-to-dark  yel- 
lowish-brown staining,  somewhat  resembling  that  of  limonite 
stain  frequently  observed  discoloring  tiny  areas  of  the  rock,,  de- 
rived from  the  partial  leaching  of  any  iron-bearing  constituent 
in  igneous  rocks.  No  definite  source  of  the  staining  was  en- 
tirely indicated  in  any  of  the  sections,  but  the  areas  clearly  rep- 
resent percolation  of  solutions  of  manganese  and  iron  salts 
through  the  rock.  Why  the  definite  arrangement  into  long 
pencils  and  dedritic  forms  manifested  megascopically,  evidence 
is  again  lacking,  for  the  textural  relations  of  the  minerals  in  the 
discolored  areas  are  precisely  the  same  microscopically,  as  for 
other  portions  of  the  rock.  The  character  of  the  staining  sug- 
gests that  the  spotted  and  streaked  appearance  of  the  rock  is  a 
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superficial    phenomenon,    and  perhaps  does  not  extend  to  any 
very  great  depth. 

CHEMICAL    COMPOSITION. 

The  chemical  composition  of  the  rock  is  given  in  analysis 
I  of  the  table  of  analyses.  The  analysis  of  leopardite  was  made 
by  Dr.  F.  A.  Genth  from  the  freshest  fragments  of  the  ground- 
mass  obtainable.  The  most  striking  features  of  the  analysis  are 
(i)  the  very  acid  character  of  the  rock,  manifested  in  the  high 
SiOi  content ;  (2)  the  nearly  complete  absence  of  CaO  and 
MgO;  and  (3)  the  increased  Na»0  which  is  in  excess  of  the  K«0. 
The  analysis,  however,  harmonizes  closely  with  the  microscopic 
study  of  thin  sections  of  the  rock,  for  the  absence  of  ferromag- 
nesian  minerals  accounts  for  the  very  slight  amount  of  MgO 
present,  while  the  practical  absence  of  CaO  and  the  large  per- 
centage of  NaaO  prove  the  plagioclase  to  be  albite,  as  indicated 
above  by  the  microscope. 

TABLE  OF  ANALYSES. 
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Quartz  porphyry  (leopardite),  one  and  a  half  miles  east  of  Charlotte, 
Mecklenburg   county,  North  Carolina.     American  fttumal  of  Science^ 
Vol.  XXXIII  (1862,  2d  scr.),  p.  198.     F.  A.  Genth,  analyst. 
Quartz  porphyry — two  and  a  half  miles  northwest  of  Blowing  Rock, 
Watauga   county.    North   Carolina.      Petrographic   data  by   Arthur 
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Keith.  Contains  quartz  and  orthoclase,  with  subordinate  sericite, 
chlorite  and  biotite.  W.  F.  Hillebrand,  analyst.  BulUtin  No.  168, 
U.  S.  Geological  Survey,  p.  52. 

III.  Spherulitic  rhyolite— Sam  Christian  gold  mine,  Montgomery  county, 
North  Carolina.  Described  by  J.  S.  Diller,  American  /ournal  of 
Siitme,  Vol.  VII  (1899,  4th  ser.).  p.  341.  W.  F.  Hillebrand,  analyst. 
BulUttn  Nf*.  r68t  U.  S.  Geological  Survey,  p.  53. 

IV.  Quartz  porphyry.  -Vogo  Rock,  sheet  at  head  of  Belt  and  Running 
Wolf  Creeks,  Little  Belt  Mountains,  Montana.  Described  by  Weed 
and  Pirrson.  Twinlielh  Annual  Report^  Part  III,  U.  S.  Geological 
Survey,  pp.  520  if.  W.  F.  Hildebrand,  analyst.  RuIUUh  No.  r68, 
U.  S.  Geological  Survey,  Vol.  Ill,  p.  125. 

V.  Quartz  porphyry.— Six  miles  east  of  Ironton,  Missouri.  Described 
by  E.  Haworth,  Annual  Report^  Missouri  Geological  Survey,  Vol. 
VIII,  1894,  p.  181.     Melville,  analyst. 

This  analysis  is  compared  in  the  table  with  a  recent,  more 
detailed  one  (II),  of  a  quartz  porphyry  occurring  in  the  north- 
western part  of  the  state,  and  with  a  spherulitic  rhyolite  (III) 
found  east  of  the  Charlotte  locality  in  Montgomery  county  ;  and 
with  analyses  IV  and  V  of  well-known  quartz  porphyries  occur- 
ring in  other  parts  of  the  United  States.  A  perusal  of  the  fig- 
ures given  in  the  table  will  make  clear  the  general  similarity  of  the 
rocks»  notwithstanding  the  rather  striking  differences  indicated 
in  some  of  the  constituents. 

WSATH  EKING. 

In  some  exposures  of  the  leopardite  the  weathered  surface 
of  the  rock,  which  is  still  hard  and  firm,  presents  a  lusterless, 
dead,  chalk  like  whiteness,  the  black  spots  of  which  are  more 
or  less  bleached,  changed  from  black  to  a  reddish-brown  in 
color.  This  alteration  is  brought  out  fairly  well  in  Fig.  4. 
which  is  a  photograph  of  a  hand  specimen  of  the  partially  weath- 
ered rock,  reproduced  one-half  natural  size.  Bleaching  of  the 
spots  is  more  emphasized  along  the  top  of  the  specimen,  shown 
in  the  figure  (4)  in  the  contrasted  lighter  color  of  these  spots  to 
others  in  the  same  figure  When  Fig.  4  is  compared  with  those 
of  the  fresh  rock.  Figs,  i,  2  and  3,  it  is  noticeable  that  all  the 
spots  in  it  have  undergone  some  leaching,  as  indicated  in  their 
color  being  less  intense  or  deep  than  for  those  in  the  fresh  speci- 
mens of  the  rock. 
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PLATE  VI. 


Hill— A  Deformed  Chick. 
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PLATE  VIL 


Figure  i  -Halloway  Mine. 


Figure  2-Shaft  Number  2— Walker  Mine. 

COPPER  MINES,  PERSON  COUNTY,  NORTH  CAROLINA 
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PLATE  VI 


Figure  i— Shaft  Number  j 


Figure  2— Shaft  Number  4 

HIGH   HILL  COPPER   MINES.  HALIFAX  COUNTY,  VIRQINIA. 
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PLATE  IX* 


Figure  a— Fourth  of  July  Shaft  digitized  by 

COPPER  MINES,  PERSON  COUNTY.  NORTH  CAROLINA. 
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PLATE  X. 


K<ilded    ainl  rnitihetl  Wcisntr  <^tiarlj{Ui*. 
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Fk;.  4 — Part  of  Section  Through  Quartzite  Ridge,  Exposed  by  the  Etowah  River,  at  the 
Wooden  Bridge,  2  Miles  from  C'artersville. 
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PLATE  XL 


Fic.  5 — Ochcr-Pit  lictween  Tilled  and  Crushed  Quartzite   Along  Rowland  Springs  Road 
on  the  Hlue   Ridge  Co.'s   Property. 


Fig.  6 — Ocher-Tits    in    Quartzite,    1.5    Mile  SE.  of  Cartersville.     The  Quartzite- Layers 
are  Nearly  Covered  with  Crumbling  Rock. 
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PLATE  Xn. 


Fi«:.  7 — Portion  of  an  Ochrr- riant  Near  CailersviHc,  Showing  Drying-Shed  and   Racks. 


Fk;    8  -Plant  of  the  American  Ocher  Comjiany,  2.5   Miles  NE.  of  Cartersville. 
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PLATE  XIIL 


Fic*.  1.  '  View  5lmw]ii|i  dlit  spone^l  sipptunuue  uf  tlitf  rutk  on  a  sntf^ne  \imkvn 
Hi  right  angles  lo  the  longer  dircctitm  o(  llie  pt-rfccil^e  Hiotogruphcfl  frnm  a  hnnd 
^peciintfn.     (One-half  narural  si^e,^ 


Fig.  2. — View  showing  approximately  parallel  black  streaks  and  pencils  on  rock 
surface  broken  parallel  to  the  direction  of  the  pencils.  Photographed  from  hand 
specimen.      (One-half  natural  size.) 
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PLATE  XIV. 


FHi.  3.  —  View  showing  partially  spotlecJ  and  panially  .streaked  ruck,  with  lend- 
tfiicy  tow&rd  arb*jresceni  form  manife^led  near  ihe  middle  of  the  picture.  Surface 
broken  at  an  angle  intermifdiatf  between  that  of  Figs,  i  and  2,  Plate  XI 11.  Photo- 
^rapht'd  from  hand  ?.pecim€*n.     (One- half  natural  Hze.) 
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Fit;.  4.  -View  showing  weathered  surface  of  the  rock.  Partial  leaching  of  the 
dark  spots  is  emphasized  in  the  upper  portion  of  the  picture.  Photographed  from 
hand  specimen.     (One-half  natural  size.) 
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BULLETIN  OF  THE  SCIENTIFIC  LABORATORIES  OF  DENISON  UNIVERSITY. 
VoluM  XIII.  Article  I.  Janaary.  1905k 

C.  L.  HERRICK  AS  A  MAKER  OF  SCIENTIFIC  MEN/ 

Ordinarily  the  closing  of  a  life  produces  little  impression.  A 
limited  circle  of  kinfolk  and  friends  mourn  deeply,  and  the  im- 
press of  the  departed  one  upon  them  remains  for  good  or  for  ill 
as  a  character-moulding  force.  But  the  circle  is  small ;  those  out- 
side remember  that  death  is  appointed  for  all  men  and  turn  their 
thought  from  the  unwelcome  truth  and  the  new  illustration  of  it 
as  quickly  as  possible.  To  be  sure  the  death  of  a  man  prominent 
in  public  life  touches  many  people,  but  ordinarily  it  does  not 
touch  them  deeply. 

A  different  case  presents  itself  to  us  tonight ;  one  has  passed 
away  whose  ideals  were  so  noble  and  so  completely  realized  in  his 
living,  that  a  deep  and  abiding  influence  has  passed  into  the  lives 
of  the  large  circle  with  which  his  work  of  teaching  brought  him 
into  contact.  With  many  of  the  earlier  members  of  this  Scientific 
Association  these  ties  have  been  very  close,  and  it  is  eminently 
fitting  that  we  interrupt  its  ordinary  activities  tonight  to  linger 
for  a  little  while  in  thought  upon  the  life  and  services  of  its  de- 
parted founder,  Clarence  Luther  Herrick. 

Others  are  to  speak  tonight  of  different  phases  of  his  per- 
sonality and  work ;  as  a  geologist,  as  a  teacher,  as  a  man,  as  a 
friend  of  Denison.  I  may  not  be  able  to  avoid  encroaching  scwne- 
what  upon  the  territory  indicated  by  these  sweeping  titles,  and 
perhaps  it  is  just  as  well  that  I  should  not.  These  aspects  of  his 
life  are  so  important  that  it  may  not  be  amiss  if  we  look  at  them 
from  the  different  angles  of  several  observers.  But  I  desire  to 
emphasize  especially  tonight  his  rare  power  of  influencing  young 
men — and  that  too  without  seeming  to  make  any  effort  to  do  so 
— ^to  adopt  his  own  point  of  view  on  life  and  devote  themselves^- 
wholly  or  in  part,  to  that  quest  of  truth  which  was  to  him  the 
great  thing  in  life.    This  seems  to  me  to  be  the  most  striking  and 


*  An  address  given  at  a  meeting  of  the  Denison  Scientific  Association^ 
Sept.  30,  1904,  in  memory  of  C.  L.  Herrick. 
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thoroughly  characteristic  thing  in  Professor  Herrick's  personality. 
He  was  learned,  but  we  have  known  others  learned  too ;  he  was 
devoted  to  his  work,  but  such  devotion  though  uncommon,  we 
may  find  elsewhere;  he  was  a  rare  teacher,  but  the  country  has 
many  great  teachers ;  he  was  a  man  of  strong  religious  faith  and 
rich  Christian  life,  but  that  too  we  may  parallel  in  other  lives.  But 
]  cannot  think  of  one  other  man  who  so  powerfully  impressed 
those  with  whom  he  came  into  any  sort  of  contact  with  a  real  long- 
ing to  find  out  new  truth  by  their  own  effort  and  add  it  to  the 
legacy  of  knowledge  which  the  present  generation  has  inherited 
from  the  past.  His  own  work  as  an  investigator  was  great :  his 
work  as  a  maker  and  trainer  of  investigators  was  perhaps  greater. 
I  have  never  known  an  enthusiasm  so  contagious  as  his.  It  is  no 
mere  accident  that  both  of  his  brothers,  his  wife's  brother,  his 
only  son  and  a  large  proportion  of  his  students  have  caught  the 
spirit  of  original  research  and  made  important  contributions  to 
the  fund  of  new  knowledge.  Contact  with  him  in  classroom, 
laboratory  or  household  seemed  equally  efficient  for  propagating 
the  germ  of  personal  investigation.  He  might  have  been  a  great 
teacher  even  without  this  power,  as  others  have  been ;  with  it  his 
success  was  assured,  and  eminence  certain  with  favorable  con- 
ditions. 

As  a  fellow  teacher  whose  work  was  more  closely  associated 
with  his  through  some  years  than  was  that  of  any  other  member 
of  the  Denison  faculty,  this  remarkable  power  of  influencing 
young  men  was  a  matter  of  great  interest  to  me  and  I  tried  to 
analyze  it  and  find  the  reason  for  it,  in  the  hope  thereby  of  acquir- 
ing some  small  measure  of  such  power  for  myself.  I  do  not 
know  that  I  can  explain  it  satisfactorily,  for  any  sort  of  personal 
magnetism  seems  almost  beyond  the  power  of  analysis,  but  per- 
haps the  attempt  will  enable  us  to  gain  a  fuller  understanding 
of  his  character  and  work,  and  incidentally  help  the  considerable 
number  among  us  who  are,  or  expect  to  be  teachers,  to  greater 
efficiency  in  our  chosen  work. 

What  then  were  some  of  the  reasons  for  the  unquestionable 
power  he  possessed  of  moulding  the  purposes  and  lives  of  his 
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associates?  Let  us  note  at  least  a  few  of  them.  One  reason 
for  this  power  was  undoubtedly  the  perfect  sincerity  of  his  de- 
votion to  science.  It  was  so  apparent  from  even  a  slight  ac- 
quaintance with  him  that  he  loved  it  and  believed  in  it  as  a  pur- 
suit worthy  not  only  of  his  own  highest  thought  and  most  earnest 
effort,  but  deserving  as  well  the  supreme  attention  of  any  man. 
He  was  not  given  to  proselyting;  there  was  no  direct  appeal  to 
others  to  interest  themselves  in  those  things  which  he  pursued. 
But,  given  a  noble  mind,  despising  the  shams  which  it  already 
sees  constitute  so  large  a  part  of  modern  life,  longing  vaguely 
to  realize  its  youthful  dreams  of  mental  achievement  and  moral 
victory,  in  close  daily  contact  with  an  enthusiasm  so  pure  and 
unselfish  as  that  of  Professor  Herrick,  is  it  any  wonder  that 
the  ambition  to  emulate  him  should  be  kindled  in  that  mind? 
We  all  know  the  teacher,  who  seems  to  teach  for  "what  there  is 
in  it"  for  himself — such  small  return  of  money,  social  position  or 
reputation  as  seems  to  be  attached  to  his  business ;  we  have  seen 
how  he  bolsters  up  his  own  dead  interest  in  the  progress  of 
science  by  sounding  phrases  about  the  dignity  of  scientific  pur- 
suits. No  one  recognizes  the  sham  more  quickly  or  completely 
than  the  students  in  his  class  room,  and  with  the  recognition 
liis  power  as  a  teacher  is  gone.  No  one  can  interest  another  in 
an  intellectual  problem  in  which  he  himself  is  not  genuinely  in- 
terested. Even  if  he  believes  himself  interested,  that  is  not 
enough;  self-deception  cannot  save  him.  His  students  will  feel 
— vaguely  perhaps,  but  surely — ^that  the  interest  is  not  real. 
On  the  other  hand,  the  teacher  with  a  genuine  zeal  for  his  sub- 
ject, so  simple  that  it  never  feels  the  need  of  self-assertion,  al- 
ready has  his  battle  two-thirds  won.  The  student  unconsciously 
detects  the  real  article  as  inevitably  as  the  sham.  As  it  is  hope- 
less to  deceive  students  by  the  parade  of  a  simulated  enthusiasm, 
-so  it  is  unnecessary  to  proclaim  the  existence  of  a  real  one.  Thus 
Professor  Herrick's  intellectual  honesty  and  genuine  zeal  for 
•science  found  an  answering  note  in  the  minds  and  hearts  of  all 
those  whose  lives  touched  his.  We  who  knew  him  felt  our  own 
ambitions  purified  and  enobled  by  the  contact. 
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Secondly,  his  remarkable  industry  emphasized  the  effect  of 
his  sincere  devotion  to  science.  He  was  not  one  to  tell  you  how 
much  midnight  oil  he  burned  or  in  any  way  indicate  the  inten- 
sity of  his  labors,  but  both  their  quality  and  quantity  compelled 
our  attention  and  we  watched  and  found  that  he  rarely  spent  an 
idle  minute.  Not  only  were  his  working  hours  long,  but  in- 
tensely active.  Many  of  us  remember  the  long,  quick  stride 
which  carried  him  so  rapidly  from  task  to  task ;  it  was  an  index 
of  the  energy  of  the  mental  machine  within. 

A  letter  recently  received  from  a  former  student  who  was 
for  a  time  a  member  of  his  household  says:  "The  tireless  en- 
ergy of  the  man  was  inspiring.  His  light  was  the  last  to  go 
out  in  the  home,  and  on  going  to  breakfast  early  in  the  morning 
it  was  no  unusual  thing  to  meet  Professor  Herrick  returning 
from  the  woods  or  swamp  with  a  supply  of  material  for  the  day's 
classes If  he  ever  took  a  rest  we  never  knew  of  it'^ 

Some  who  loved  him  feared  the  results  of  this  excessive 
activity  and  counseled  moderation.  But  he  seemed  to  be  driven 
to  work  by  some  necessity  of  his  very  being  which  would  not 
let  him  rest.  Fortunately  the  long  tramps  and  vigorous  out- 
door exercise,  which  his  scientific  labors  demanded,  gave  some 
relief  from  the  exhausting  effects  of  the  mental  application  to 
which  he  was  so  inclined,  and  enabled  him  to  keep  up  year  after 
year  such  labors  as  otherwise  would  have  worn  him  out.  Even 
those  who  disapproved  of  this  overwork  were  forced  to  admire 
the  unselfish  zeal  which  caused  it  and  felt  a  new  impulse  in  their 
own  pursuit  of  truth. 

A  third  reason  for  Professor  Herrick's  ability  to  instill  the 
spirit  of  research  was  found  in  his  subordination  of  most  of  the 
common  aims  which  move  men  to  what  was  evidently  the  great 
aim  of  his  life.  Most  of  us  attempt  so  many  things  that  we  do 
none  of  them  very  well.  We  divide  our  energies  between 
money-getting,  reputation-winning,  recreation,  self-culture  and 
various  public  interests  to  such  an  extent  that  nothing  in  our 
individuality  stands  out  to  compel  the  interest  of  our  fellows. 
But  Professor  Herrick,  while  remarkably  faithful  to  all  his  duties 
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to  others,  managed  to  give  such  emphasis  to  his  scientific  la- 
bors that  it  became  but  natural  to  think  of  him  always  as  a 
man-of-science. 

Another  thing  that  attracted  students  and  led  them  uncon- 
sciously to  seek  to  imitate  him  was  the  freshness  and  originality 
of  his  ideas.  His  mind  was  always  taking  conventional  and 
commonplace  ideas  and  making  something  fresh  and  new  out  of 
them.  He  thought  much  of  the  philosophical  bearing  of  scien- 
tific things.  "The  Psychophysical  Basis  of  Feelings,"  "Psycho- 
logical Corollaries  of  Modern  Neurological  Discoveries"  are  two 
of  many  titles  of  his  scientific  papers  indicating  his  tendency  to 
philosophize  upon  the  results  of  his  scientific  observations. 

Besides  the  four  mental  traits  which  I  have  mentioned  in 
attempting  to  account  for  the  power  he  possessed  of  energizing 
others  into  scientific  activity,  there  were  moral  attributes  which 
contributed  still  more  to  the  same  end. 

One  of  these  was  closely  connected  with  his  originality  and 
mental  independence,  namely  his  courage  in  over-riding  false 
traditions  and  calmly  undertaking  the  solution  of  difficult  prob- 
lems. His  was  the  pioneer  type  of  mind.  And  so  he  frequently 
introduced  novel  methods  in  his  teaching  which  aroused  atten- 
tion and  interest.  Although  his  connection  with  Denison  was  not 
a  long  one,  he  introduced  at  least  four  striking  innovations 
which  have  already  stood  the  test  of  years  and  bid  fair  to  be  per- 
manent. These  were  (in  chronological  order)  the  Scientific 
Association,  the  Bulletin  of  the  Scientific  Laboratories,  the  Neu- 
rological Journal  and  the  courses  of  study  which  lead  to  the 
degree  of  Bachelor  of  Science  at  Denison. 

At  the  time  of  its  introduction  each  one  of  these  innovations 
seemed  to  be  a  questionable  proposition,  hardly  likely  to  suc- 
ceed. Professor  Herrick  had  a  larger  faith  than  I.  Yet  so  great 
was  my  respect  for  his  opinion  and  my  desire  to  help  him  in  any 
plan  upon  which  his  heart  seemed  to  be  set,  that  I  could  not  bring 
myself  to  express  the  doubts  of  success  which  I  really  felt.  In 
three  of  these  enterprises  he  very  early  sought  my  co-operation 
and  so  the  question  of  practicability  was  forced  upon  my  at- 
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tention  in  each  case  at  the  very  outset.  As  I  lode  back  over 
the  years,  I  have  to  confess  that  his  judg^n^nt  was  better  than 
mine.    Note  briefly  how  his  larger  faith  has  been  vindicated. 

He  started  the  first  volume  of  the  Bulletin  of  the  Scientific 
Laboratories  the  year  following  his  coming  to  Denison.  Whether 
looked  at  from  the  point  of  view  of  the  probabilit}'  of  getting^ 
suitable  financial  support,  of  the  small  number  and  imperfect 
training  of  the  students  and  other  local  workers  who  might  be 
expected  to  furnish  articles  for  it,  or  whether  considered  with 
reference  to  the  likelihood  of  its  receiving  recognition  abroad 
in  the  shape  of  exchanges  with  the  really  worthy  scientific  periodi- 
cals of  this  and  foreign  countries — ^viewed  from  any  of  these 
standpoints  the  enterprise  seemed  to  many  a  hazardous  one.  But 
how  has  it  turned  out?  The  trustees  of  the  University  voted  a 
sum  of  money  to  help  publish  the  first  volume  and  have  continued 
to  do  the  same  year  after  year  for  now  nearly  twenty  >-ears. 
Sometimes  when  they  did  not  see  how  they  could  do  so,  with 
the  many  pressing  financial  needs,  some  of  their  number  have 
put  their  hands  into  their  own  pockets  and  extracted  therefrcwn 
what  was  necessary  to  prevent  any  interruption  or  delay  in  the 
appearance  of  a  publication,  which  they  have  come  to  recognize 
as  of  great  value  to  the  University.  With  regard  to  the  ques- 
tion of  finding  contributors,  examination  of  its  index  shows  that 
twelve  volumes  have  been  issued,  aggregating  nearly  2,000  pages 
of  valuable  scientific  material.  In  the  first  ten  volumes  (complete 
indices  of  the  last  two  are  not  just  now  at  my  disposal),  I  find 
that  there  are  80  articles  written  by  many  different  authors,  most 
of  them  Denison  men,  students  or  faculty  members,  and  not  a 
few  of  them  those  who  have  become  original  workers  mainly 
through  the  influence  and  example  of  Professor  Herrick  him- 
self. 

Undoubtedly  its  success  has  been  mainly  due  to  the  fine  start 
it  made  through  the  unremitting  labors  of  Professor  Herrick 
as  editor.  Of  the  26  articles,  which  constitute  the  first  four 
volumes  issued  under  his  editorship,  no  less  than  ten  were  from 
his  own  pen.    And  after  ill  health  compelled  him  to  seek  another 
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climate,  and  in  spite  of  the  fact  that  he  had  taken  the  editorship 
of  the  Journal  of  Comparative  Neurology  upon  his  hands,  we 
find  him  a  frequent  and  valued  contributor.  So  late  as  June, 
1900,  (in  Vol.  XI)  we  find  an  elaborate  article  of  more  than  60 
pages  with  a  map  and  34  of  the  beautiful  plates  for  which  he 
was  so  well  known. 

As  to  his  success  in  receiving  recognition  in  the  form  of 
exchanges  from  the  scientific  institutions  which  issue  publica- 
tions made  up  principally  of  original  contributions  to  science, 
witness  the  long  rows  of  shelves  in  the  library  of  the  Associa- 
tion in  Barney  Science  Hall,  filled  with  several  thousand  valu- 
able works  from  about  200  of  the  most  famous  learned  societies 
of  North  and  South  America,  Europe,  Japan,  and  Australia. 
Through  this  means  the  name  of  Denison  is  known  and  honored 
in  New  York,  Boston  and  Washington;  in  London,  Edinburgh, 
Paris,  Brussels,  Berlin,  Prague  and  Vienna ;  in  Tokio,  Sidney  and 
Melbourne  and  most  of  the  capitals  of  four  continents. 

In  1887  Professor  Herrick  founded  the  Denison  Scientific 
Association,  whose  object,  aim  and  history  during  seventeen  years 
are  well  known  to  most  of  you.  Very  faithfully  has  it  carried  out 
its  aims,  as  he  expressed  them  in  its  constitution,  "To  collect,  record 
and  disseminate  information  bearing  on  the  sciences,  and  to  stimu- 
late interest  in  local  natural  history  and  preserve  specimens  illus- 
trating the  same."  I  think  very  few  of  us  who  tried  to  help  him 
start  the  Association  expected  that  it  would  continue  and  develop 
as  it  has  done.  My  own  feeling  concerning  it  is  well  expressed  in 
a  letter  recently  received  from  another  of  its  charter  members. 
Professor  J.  E.  Woodland  of  the  Rochester  Athenaeum  and 
Mechanics  Institute.    He  says: 

"I  recall  vividly  the  organization  of  the  Denison  Scientific 
Association  and  the  enthusiasm  with  which  Professor  Herrick 
directed  the  work  and  gathered  the  material  for  the  programs. 
I  have  been  associated  with  other  Scientific  Associations  since 
then  but  have  yet  to  find  the  genuine  local  interest  and  enthusi- 
asm that  characterized  the  one  in  Granville." 

During  the  three  years  which  he  spent  on  the   Faculty  of 
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the  University  of  Cincinnati,  he  started  the  Journal  of  Compara- 
tive Neurolc^',  and  when  he  returned  to  Denison  (in  '92,  I 
think)  he  had  the  courage  to  continue  the  publication  of  the  new 
periodical,  altho'  the  "Bulletin"  was  still  being  published.  The 
success  of  the  "Journal''  has  continued  under  the  able  leader- 
ship of  his  brother,  Professor  C.  Judson  Herrick,  so  that  we 
have  for  a  long  time  had  the  singular  spectacle  of  one  small  col- 
lege issuing  regularly  for  a  long  series  of  years,  tw^o  high  class 
periodicals  devoted  to  different  fields  of  scientific  investigation, 
each  honored  with  a  long  list  of  valuable  exchanges  of  its  own 
class.  I  do  not  believe  any  American  college  of  equal  size  can 
duplicate  this  record.  And  it  is  due  principally  to  the  cour- 
ageous initiative  and  devoted  labors  of  him  whose  memory-  we 
honor  tonight. 

The  fourth  innovation,  due  principally  at  least  to  Professor 
Herrick,  was  the  complete  revision  of  the  work  in  science  in 
the  course  of  study  leading  to  the  B.  S.  degree  at  Denison.  When 
he  returned  to  Denison  in  18i)?,  after  his  three  years'  absence 
at  the  University  of  Cincinnati,  he  was  relieved  of  the  work  in 
Geology  and  enabled  to  give  all  his  time  to  Biolog\'.  He  plan- 
ned a  number  of  new  courses  and  advocated  a  complete  revision 
of  the  last  two  years  of  the  B.  S.  course.  At  this  time  the  B. 
S.  student  at  the  beginning  of  his  junior  year  had  had  two  years' 
work  distributed  over  four  sciences  (chemistry  one  year,  min- 
eralogy, physiolof::y  and  botany,  one  term  each)  in  addition  to 
tlie  elementary  science  required  for  admission  to  college^.  Be- 
fore him  lay  2  !/;>  years'  work  required,  2/3  elective,  distributed 
over  five  sciences  (a  year  of  physics,  zoolog}',  astronomy,  one  term 
each,  and  geology  two  terms,  with  the  possibility  of  electing 
one  term  each  of  chemistry  and  histology).  In  a  word  he  could 
not  get  more  than  one  year  of  work  in  any  one  science  during 
his  whole  college  course  (except  in  the  case  of  chemistry  where 
the  maximum  was  four  terms).  Professor  Herrick  proposed 
to  change  this,  so  that  each  student  at  the  begnning  of  his  junior 
year  should  continue  some  one  science  through  the  remaining 
two  years  of  his  course,  this  science  to  be  either  biology,  chem- 
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istry,  geology  or  physics.  (Civil  engineering  was  later  added  to 
the  list.) 

Professor  Herrick  came  to  me  with  the  general  plan,  and 
after  we  had  worked  it  out  in  detail,  it  met  the  approval  of  the 
Faculty  and  was  adopted.  It  has  always  seemed  to  me  that  this 
marked  an  educational  epoch  at  Denison.  It  was  a  definite 
adoption  of  the  Johns  Hopkins  plan  of  electing  one  fixed,  logical 
course  of  study  out  of  a  considerable  number  of  carefully  plan- 
ned courses,  instead  of  the  hap-hazard  election  of  a  lot  of  isolated 
terms  work  having  no  unity  or  logical  sequence  among  them- 
selves. It  was  another  case  where  Professor  Herrick*s  indepen- 
dence of  tradition  led  to  important  results  for  Denison. 

A  sixth  reason  for  Professor  Herrick*s  ability  to  arouse  the 
spirit  of  scientific  research  in  others  we  find  in  the  breadth  of 
his  interests  and  sympathies.  He  did  not  follow  the  fashion  of 
extreme  specialization  so  characteristic  of  our  time.  Before  he 
came  to  Denison  he  was  State  Mammalist  of  Minnesota,  at  Gran- 
ville he  was  botanist,  zoologist,  geologist  and  neurologist,  not 
merely  teaching  but  investigating  along  all  these  lines.  While 
in  New  Mexico  he  added  work  as  a  mining  engineer  to  that  of 
geologist  and  neurologist,  and  in  his  last  months  we  hear  of 
his  resuming  study  and  writing  along  philosophical  lines,  a  la- 
bor which  had  been  begun  many  years  before.  And  so  under 
his  tutelage  we  find  one  of  his  students  inspired  to  be  a  botanist, 
another  a  biologist;  several  became  geologists  and  others  neu- 
rologists. And  to  all  he  was  able  to  extend  such  counsel,  stimu- 
lus and  sympathy,  that  his  infiuence  became  one  of  the  deter- 
mining forces  in  their  lives. 

And  this  brings  us  to  the  last  reason  that  I  will  name  to 
explain  Professor  Herrick's  power  over  his  students;  namely, 
his  personal  interest  in  them,  not  alone  in  their  scientific  devel- 
opment, but  in  all  their  joys  and  troubles.  Quoting  again  from 
Mr.  Woodland's  letter:  *To  the  student  he  was  never  a  pro- 
fessor with  awe-inspiring  dignity,  but  rather  a  companion  and 
friend There  seemed  to  be  some  great  pressure  in- 
cessantly driving  him  to  work,  yet  wth  it  all  we  never  entered 
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his  room  that  he  did  not  make  us  feel  entirely  welcome.  .  .  . 
His  talks  to  the  boys  were  full  of  interest  and  heart-sympathy 
— he  never  spoke  a  word  of  discouragement  to  anyone." 

And  now  in  conclusion  let  me  illustrate  several  of  these 
sources  of  Professor  Herrick's  ix)wer  to  inspire  students  by  read- 
ing to  you  a  letter  which  I  received  today  from  W.  E.  Castle, 
now  Professor  of  Zoology  in  Harvard  University,  one  of  the 
many  young  men  who  honor  Professor  Herrick's 'memory  in  the 
highest  possible  way,  by  following  in  his  footsteps. 

*' While  in  conversation  with  a  Zoologist  from  a  distant  state 
I  was  asked  from  what  college  I  came.  Trom  a  college/  I  re- 
plied, *of  which  very  likely  you  never  heard,  Denison.'  'O  yes/ 
was  the  prompt  reply,  *I  know  of  Denison ;  the  Herricks  have 
made  Denison  famous/  This  incident  gives  evidence  of  the  high 
regard  in  which  the  scientific  work  begun  at  Denison  by  Pro- 
fessor C.  L.  Herrick,  is  held  among  workers  elsewhere  in  similar 
lines. 

In  the  opinions  and  aflfections  of  his  pupils  Professor  Her- 
rick occupied  a  still  larger  place.  His  coming  to  Denison  marked 
an  epoch  in  the  intellectual  life  of  many  who  were  then  under- 
graduates. It  was  to  them  what  the  Reformation  was  to  Europe. 
It  marked  the  termination  of  authority,  the  beginning  of  in- 
tellectual liberty.  Through  all  their  previous  studies  they  had 
dealt  with  facts  carefully  marshalled,  concerning  which  two 
opinions  could  not  exist.  Knowledge  was  something  to  be  mas- 
tered and  used.  It  was  given  to  them  on  authority,  which  they 
had  neither  occasion  nor  disposition  to  question. 

Now  came  a  man  who  quietly  brushed  aside  authority  and 
invited  them  to  create  knowledge.  The  idea  was  so  novel  and 
preposterous  that  they  looked  at  each  other,  half-puzzled,  half- 
amused,  wondering  whether  there  really  could  be  profit  in  stu- 
dies so  undeveloped  that  they  offered  anvihing  but  unquestioned 
verities  to  the  beginner.  .This  was  venturing  on  an  uncharted 
sea;  is  it  any  wonder  that  like  the  sailors  of  Columbus  we  hes- 
itated ? 

Not  only  were  the  methods  of  our  new  teacher  unusual,  his 
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subject  matter  too  was  un-school-like.  Birds,  flowers,  and  peb- 
bles had  been  our  playthings  and  companions  in  the  fields  from 
childhood,  but  in  the  school-room  never.  Any  boy  caught  with 
them  on  his  person  was  in  disgrace.  Our  new  master  threw 
open  the  door  and  invited  us  to  come  out  and  know  these  same 
playmates  of  our  childhood  better,  and  to  know  them  not  as 
someone  else  had  seen  them,  not  as  he  saw  them,  but  just  as  they 
came  from  (jod's  hand.  We  went  and  we  looked,  and  little 
though  we  saw,  some  of  us  were  so  entranced  with  the  seeing 
that  we  are  looking  still.  Others  more  mindful  of  duties  else- 
where, have  gone  to  the  school-room  or  the  home,  but  I  ven- 
ture not  one  has  forgotten  what  he  learned  from  Professor  Her- 
rick,  to  see  for  himself  and  think  for  himself  and  to  love  and  try 
to  understand  God's  world." 

A.  D.  Cole. 
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We  are  called  upon  with  the  present  issue  of  the  Bulletin 
to  lament  the  sad  and  untimely  death  of  its  founder  and  editor- 
in-chief  at  Socorro,  New  Mexico,  on  the  15th  of  September. 
For  the  past  ten  years,  dating  from  his  last  connection  with 
Denison  University,  he  has  struggled  heroically  against  tuber- 
culosis of  the  lungs,  together  with  other  complications,  which 
at  last  cut  him  off  in  the  midst  of  his  labors  and  in  the  prime 
of  life.  Untimely  as  his  death  must  seem  when  regarded  from  the 
point  of  view  of  his  plans  and  hopes,  yet  Dr.  Herrick  had  done 
an  amount  of  scientific  research  and  philosophical  writing,  some 
of  which  he  was  preparing  for  the  press  when  be  was  taken, 
which  assures  him  an  enduring  name  in  the  world  of  thought. 

The  end  came  in  accordance  with  his  own  most  earnest  wish 
— he  fell  fighting  for  the  truth.  As  one  of  those  who  were  near 
him  when  he  passed  away  has  said:  "He  was  taken  literally  in 
the  harness.  His  laboratory  and  study  tables  showed  the  un- 
finished tasks.  His  morning  mail  brought  its  usual  load  of  duties. 
He  had  contributed  an  article  to  the  September  number  of  the 
American  Geologist,  and  his  mail,  on  the  morning  of  his  death, 
brought  a  request  from  Dr.  N.  H.  Winchell  for  some  further 
contributions  to  the  October  number.  Thus  in  the  midst  of  his 
labors  he  passed  into  the  larger  sphere." 

Very  early  in  his  career  he  seems  to  have  laid  out,  at  least 
in  a  general  way,  a  plan  of  action,  including  for  the  first  part  of 
his  life  miscellaneous  research  and  study  under  direction  in  the 
broad  field  of  general  natural  history.  Upon  the  basis  of  this 
foundation,  was  to  follow  a  period  of  intense  specialization  in  a 
circumscribed  field  of  zoological  work  leading  up  to  a  mastery 
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of  the  anatomy  and  physiology  of  the  nervous  system.  Finally 
the  ripest  years  were  to  be  devoted  to  physiological  and  com- 
parative psychology  on  the  basis  of  the  mechanics  of  the  nervous 
system  and  to  philosophical  correlation. 

His  life  may  be  roughly  divided  into  four  periods.  While 
these  were  marked  by  extraneous  events  and  were  apparently 
purely  artificial  and  arbitrary,  yet  it  may  be  said  that  the  ideal 
scheme  was  in  the  end  fairly  achieved,  though  with  great  devia- 
tion in  the  details  of  the  working. 

Dr.  Herrick  was  bom  near  Minneapolis,  June  21,  1858.  He 
grew  up  in  a  home  far  from  neighbors,  a  solitary  child  with  few 
playmates,  and  very  early  showed  his  bent  as  a  naturalist.  While 
still  in  the  Minneapolis  High  School  he  collected  extensively 
and  left  at  graduation  a  case  of  over  a  hundred  mounted  bird 
skins  and  other  specimens  to  the  high  school.  It  was  during 
this  period  that  his  father,  despite  his  poverty,  got  him  an  eight 
dollar  microscope.  With  this  crude  instrument  and  without 
guidance  or  library  facilities  he  worked  over  the  fresh  water 
fauna  of  the  neighboring  brocks  and  pools  so  thoroughly  that 
before  graduation  from  the  University  of  Minnesota  in  1880  he 
had  published  several  articles  of  value  on  the  fresh  water  Cru- 
stacea of  Minnesota  and  four  years  after  graduation,  with  some- 
what better  facilities,  published  a  report  on  the  micro-crustacea 
of  Minnesota,  which  is  still  standard.  The  materials  for  this 
report  were  elaborated  before  he  graduated  from  college. 

These  years  were  filled  with  many  bitter  struggles,  not  the 
least  of  which  was  with  poverty  and  the  consequent  lack  of  ma- 
terial for  study.  But,  notwithstanding,  he  completed  the  college 
course  in  three  years,  at  the  same  time  partly  supporting  him- 
self by  assisting  on  the  staff  of  the  Geological  and  Natural  His- 
tory Survey  of  Minnesota.  He  had  also  showed  so  obvious  a 
native  gift  with  his  pencil  that  upon  his  graduation  the  presi- 
dent of  the  university  said  to  his  father  that  he  was  uncertain 
whether  to  advise  the  young  man  to  devote  his  life  to  science  or 
to  art.  But  there  was  no  uncertainty  in  the  mind  of  the  gradu- 
ate.    Continuing  his  work  on  the  Geological  and  Natural  His- 
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tory  Survey  of  Minnesota,  he  published  many  papers  in  rapid 
succession  on  the  fauna  of  the  state  and  began  an  extensive  re- 
port, the  first  volume  of  which  was  completed  in  1885.  This 
was  a  large  quarto  on  the  Mammals  of  Minnesota,  fully  illus- 
trated with  many  colored  plates  and  pen  drawings.  It  was  ac- 
cepted for  publication,  but  for  lack  of  funds  in  the  Survey  never 
saw  the  light.  Years  afterwards,  in  1892,  a  small  octavo  was 
published  by  the  Survey  made  up  of  the  more  popular  parts  of 
this  work.  The  remainder  is  still  preserved  among  his  literar>' 
effects.  The  season  of  1881-2  was  spent  at  the  University  of 
Leipzig,  and  in  1883  he  was  married  to  Miss  Alice  Keith  of  Min- 
neapolis. This,  roughly,  may  be  said  to  constitute  the  first  pe- 
riod of  his  life,  from  1858  to  1884. 

He  was  called  to  the  chair  of  Geology  and  Natural  History 
of  Denison  University  in  the  summer  of  1884.  He  spent  the 
fall  of  that  year  at  Denison,  then  returned  to  Minneapolis  to 
complete  the  work  in  progress  in  the  Minnesota  Survey,  and  in 
the  fall  of  1885  moved  with  his  family  to  Granville.  Meanwhile, 
in  1885,  he  took  the  degree  of  M.  S.  from  his  alma  tnater.  It 
had  been  his  intention  to  continue  his  zoological  work,  and  there 
was  great  activity  in  this  line  during  the  entire  period,  but  the 
routine  excursions  made  in  the  course  of  the  instruction  of  his 
geolc^  classes  showed  him  so  much  of  interest  in  the  Ick^ 
strata  that  his  chief  labors  while  in  Granville  were  upon  the 
fossils  and  stratigraphy  of  the  Waverly  free  stones  and  shales 
of  Ohio.  This  work  was  abruptly  cut  short  by  his  removal  from 
Granville  in  1889  and,  while  never  rounded  out  as  he  would 
have  liked,  is  probably  his  most  important  geological  work.  In 
1885  he  founded  the  Bulletin  of  the  Scientific  Laboratories  of 
Denison  University,  in  which  the  greater  part  of  his  researches, 
and  those  of  his  pupils,  on  Ohio  geology  were  published. 

His  phenomenal  success  as  a  teacher  during  this  and  the 
subsequent  periods  was  due  to  factors,  some  of  which  are  easily 
seen — others  are  harder  to  define.  After  his  attractive  personal 
qualities  and  magnetic  enthusiasm,  I  should  place  his  deep  philo- 
sophic insight  and  the  fearless  way  in  which  he  disclosed  his. 
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profoundest  thinking  to  the  least  initiated  of  his  pupils.  The 
ability  to  do  this  without  befogging  the  air  was  an  exceedingly 
rare  gift  and  was  stimulating  even  to  a  dullard.  He  knew  the 
philosophical  classics  thoroughly  from  original  sources  and  the 
trend  of  his  thinking  was  very  early  foreshadowed  in  the  trans- 
lation of  Lotze's  Outlines  of  Psychology  published  in  1885  in 
Minneapolis,  with  his  own  appended  chapter  on  the  structure  of 
the  nervous  system. 

Upon  his  removal  to  the  University  of  Cincinnati  in  1889, 
with  which  the  third  period  of  his  life  may  be  said  to  begin^ 
the  geological  studies  with  which  the  preceding  five  years  had 
been  so  fully  occupied  were  summarily  brought  to  a  close  and 
he  threw  himself  with  renewed  energy  into  the  study  of  the  ner- 
vous system.  Extensive  papers  on  the  brains  of  different  ani- 
mals appeared  in  rapid  succession,  of  which  the  most  valuable 
are  two  series,  one  on  the  brains  of  various  fishes,  the  other  on 
those  of  reptiles.  In  1891  the  Journal  of  Comparative  Neurology 
was  founded  and  served  as  the  medium  of  publication  for  most 
of  these  researches.  The  founding  of  this  Journal  can  best  be 
designated  as  a  piece  of  characteristic  audacity.  It  was  a  purely 
private  enterprise,  with  no  fund  to  defray  the  expenses  and  very 
little  outside  cooperation  promised.  But  without  counting  the 
cost  he  plunged  boldly  in,  expecting  a  constituency  to  be  devel- 
oped as  the  work  went  on.  In  this  he  has  not  been  disappointed, 
though  recognition  of  financial  needs  has  lagged  sadly  behind 
that  of  the  scientific  value  of  the  Journal. 

At  the  close  of  1891  he  resigned  his  chair  in  the  University 
of  Cincinnati  to  accept  a  chair  of  biology  in  the  University  of 
Chicago,  then  being  reorganized.  The  early  part  of  1892  was 
spent  in  Europe,  chiefly  Berlin.  Upon  his  return  the  adjust- 
ment at  the  University  of  Chicago  presented  unexpected  difficul- 
ties and  after  a  series  of  misunderstandings  he  finally  withdrew 
from  that  institution,  declining  an  offer  to  return  to  Germany 
for  further  study  on  full  salary.  He  was  immediately  elected 
to  his  old  post  in  Denison  University  with  an  assistant  and  the 
privilege  of  devoting  only  a  part  of  his  time  to  teaching,  the  re- 
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mainder,  either  at  home  or  abroad,  to  the  further  prosecution 
of  his  research.  A  year  and  a  half  of  great  productiveness  fol- 
lowed. He  bought  a  small  tract  of  land  adjacent  to  the  college 
campus,  built  a  residence  upon  it  and  planned  to  devote  the  re- 
mainder of  his  days  to  breeding  animals  on  an  extensive  scale 
and  studying  the  laws  of  heredity,  comparative  psychology  and 
allied  problems.  But  before  this  project  was  fully  under  way 
his  health  broke  down  completely  and  he  was  forced  to  abandon 
his  home  in  the  fight  for  life. 

In  December,  1893,  he  had  a  severe  attack  of  la  grippe,  but, 
as  was  liis  custom  in  illness,  went  on  with  his  work  as  usual. 
Upon  completion  of  the  last  examination  of  the  term  he  came 
home  too  ill  to  correct  the  papers,  and  in  course  of  the  following 
night  was  atacked  by  a  severe  hemorrhage  from  the  lungs  and 
for  weeks  his  life  hung  in  the  balance.  With  the  return  of  spring 
his  strength  increased  sufficiently  to  enable  him  to  remove  to 
New  Mexico,  where  the  local  physicians  told  him  that  he  had  a 
fighting  chance  for  a  few  years.  He  accepted  the  challenge 
bravely  and  for  more  than  ten  years  held  the  disease  in  check. 
During  the  spring  of  1894  his  college  dedicated  the  Barney 
Science  Hall,  which  had  been  built  largely  under  the  stimulus 
of  his  presence  in  the  faculty;  but  he  was  never  permitted  to 
work  in  it. 

The  fourth  period,  from  1894  to  1904,  covers  the  remaining 
years  of  his  life. 

This  decade,  filled  with  bodily  pain  and  the  worse  torture 
of  anxiety  and  mental  unrest,  is  yet  one  of  the  most  productive 
periods  of  his  life.  Much  of  the  time  was  spent  in  the  open 
with  covered  wagon  and  camp  kit,  and  with  the  return  of  strength 
scientific  interests  again  absorbed  his  attention.  Naturally  in 
this  case  he  again  turned  to  geology  and  an  extensive  series  of 
articles  on  the  geology  of  New  Mexico  bears  testimony  to  the 
industry  of  these  apparently  aimless  wanderings.  The  first  scien- 
tific work  done  in  the  Territory,  however,  was  a  revision  of  his 
earliest  important  work,  the  Crustacea  of  Minnesota.  As  soon 
as  his  geological  knowledge  became  known  his  services  were  in 
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demand  as  a  mining  expert  and  during  the  later  years  of  his  life 
in  the  Territory  he  supported  himself  and  his  family  chiefly  by 
practicing  this  profession  as  strength  i>ermited.  In  1898  he  tor>k 
the  degree  of  Ph.  D.  from  the  University  of  Minnesota.  For 
four  years  (1897-1901)  he  was  president  of  the  territorial  uni- 
versity at  Albuquerque,  though  at  the  dose  of  the  third  year  it 
became  evident  that  the  strain  of  the  executive  work  and  con- 
finement were  too  hard  for  him,  and  the  connection  during  the 
fourth  year  was  mainly  one  of  supervision  and  general  control. 

During  his  last  year  there  was  an  obvious  failing  of  physi- 
cal strength,  so  that  long  field  trips  had  to  be  abandoned.  But 
the  more  quiet  life  gave  opportunity  for  a  thorough  recasting 
of  many  questions  and  formulation  of  matters  which  had  been 
in  his  mind  all  his  life.  So  that  before  his  death  much  of  the 
philosophical  correlation,  of  which  mention  has  been  made,  was 
effected.  A  number  of  articles  have  already  been  published  in  the 
philosophical  serials  bearing  on  these  matters  and  there  is  a  con- 
siderable collection  of  MSS.  remaining,  much  of  which  can  doubt- 
less be  edited  for  publication.  It  is  gratifying  to  know  that  he 
had  the  satisfaction  of  seeing  this  work  so  well  rounded  out  be- 
fore his  death  and  that  the  latest  months  of  his  life  were  much 
more  restful  than  those  preceding,  some  of  which  were  marked 
by  extreme  suffering.  He  continued  in  about  the  usual  health 
until  September  8,  when  he  again  had  a  series  of  uncontrollable 
hemorrhages,  daily  becoming  weaker  until  on  the  morning  of  the 
15th  he  peacefully  passed  away. 

One  essential  feature  of  his  success  must  receive  mention 
here — the  devoted  heroism  of  his  wife.  His  work  was  always 
stimulated  by  her  interest  and  cooperation;  but  during  the  last 
decade  his  life  was  unquestionably  preserved  by  her  self-sacri- 
ficing care.  She  often  accompanied  him  for  weeks  on  wagon 
trips  far  from  settlements  in  order  to  see  that  he  had  proper 
food  and  comforts,  sometimes  enduring  severe  hardships  and 
sacrificing  her  own  health  for  his  w^elfare.  He  is  survived  by 
his  wile  and  two  daughters,  Laura  and  Mabel,  and  his  son, 
Harry  N.  Herrick,  now  a  student  in  the  School  of  Mines  of 
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the  University  of  California.*  It  remains  here  to  say  something 
of  Dr.  Herrick  first,  as  an  investigator  and  thinker,  and  sec- 
ondly, as  a  teacher  and  as  a  man. 

In  estimating  the  character  of  his  work  it  is  difficult  to  say 
whether  he  was  primarily  an  investigator  or  a  philosopher.  And 
this  is  to  his  great  credit  for  he  combined  in  a  remarkable  de- 
gree the  qualifications  of  an  expert  in  both  of  these  lines.  He 
had  at  once  acute  perceptions,  and  keen  insight  for  scientific  de- 
tails, and  a  broad  philosophic  horizon  and  perspective  which 
peculiarly  fitted  him  for  the  work  he  undertook  of  throwing 
light  upon  the  nature  of  consciousness  from  the  neurological 
side.  A  glance  at  the  appended  bibliography  will  show  that  a 
philosophic  scope  as  well  as  a  scientific  specialization  character- 
ized all  his  work. 

His  work  in  every  line  was  exteremely  suggestive,  and  it 
should  be  added,  seldom  exhaustive,  though  certain  of  his  neu- 
rological and  geolc^cal  papers  reveal  his  power  of  accurate 
and  detailed  research.  But  his  thought  ever  was  moving  for- 
ward, and  he  was  impatient  of  the  routine  details  which  would 
put  any  check  upon  his  richly  developing  insight.    • 

His  scientific  labors  fall  in  three  states — Minnesota,  Ohio, 
and  New  Mexico.  Of  his  work  in  geology  during  the  first  and 
second  periods  of  his  life  we  have  already  spoken.  His  neuro- 
logical work  was  done  mostly  during  the  second  and  third  periods, 
while  connected  with  the  University  of  Cincinnati  and  with  Deni- 
son University. 

The  first  contribution  in  neurology  was  the  elementary  chap- 
ter on  the  nervous  system  appended  to  the  translation  of  Lotze's 
Outlines  of  Psychology,  published  in  Minneapolis,  in  1885.  This 
is  significant  not  so  much  for  its  content  (though  here  the  dyna- 
mic point  of  view  is  dominant)  as  for  its  context.  The  juxta- 
position, in  a  manual  designed  for  an  elementary  text-book,  of 
Lotze's  lectures  and  original  lectures  on  the  mechanism  of  the 
brain  was  a  decided  novelty  in  those  days. 


*  He  took  his  mining  degree  in  1907  and  now  holds  a  post  in  the  same 
jniversity. 
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In  1889  he  began  work  in  earnest  on  the  nervous  system  and 
immediately  there  appeared  a  series  of  papers  in  rapid  succession, 
some  of  great  length  and  others  mere  jottings.  The  first  long 
paper  was  published  with  Professor  W.  G.  Tight  in  the  Denison 
University  Bulletin  in  1890  and  was  entitled  "The  Central  Nerv- 
ous System  of  Rodents."  This  paper  contains  nineteen  double 
plates  and  a  vast  amount  of  observation;  and  was  designed  as  a 
preliminary  survey  of  the  field,  the  plates  to  fonii  the  basis  of 
further  detailed  observations  and  correlation.  But  he  soon  be- 
came convinced  that  this  correlation  could  best  be  attempted 
after  a  thorough  study  of  several  types  of  lower  brains  and  the 
series  was  interrupted.  At  the  time  of  his  breakdown  in  1894 
he  was  just  about  to  take  up  again  by  the  degeneration  methods  * 
a  more  thorough  study  of  the  mammalian  brain.  Thus  this  rodent 
paper  stands  now  as  an  unfinished  fragment. 

This,  however,  illustrates  well  his  plan  of  work,  a  plan  which 
must  be  clearly  understood  in  order  to  put  a  proper  estimate 
on  his  published  researches.  He  found  correlation  impossible 
and  at  once  saw  that  only  in  primitive  types  could  the  key  be 
found,  and  that  too  not  in  any  one  series,  but  only  in  the  common 
features  of  many  lower  types.  Accordingly  he  undertook  to  ex- 
amine in  rapid  succession  as  material  offered  a  large  number 
of  lower  brains,  taking  voluminous  notes  and  publishing  the  ob- 
served data  as  fast  as  they  were  ready.  All  of  this  work  was 
fragmentary  and  much  of  it  contained  .but  little  correlation.  But 
the  mass  of  facts  gathered  and  recorded  was  enormous.  He 
realized  that  the  incessant  strain  on  his  eyes  could  not  always  be 
kept  up,  and  planned  to  accumulate  fact  as  rapidly  as  possible 
until  failing  eyes  should  impair  his  efficiency  in  this  field.  Then 
he  hoped  to  review  the  whole  field  of  vertebrate  neurology  syste- 
matically, using  his  own  observations  as  the  skeleton  on  which 
to  build  by  study  of  literature  and  further  research  of  his  own  on 
critical  points,  until  the  whole  should  take  shape  as  a  unity.  When 
he  settled  in  Granville  the  second  time  in  1893  he  expected  to 
begin  that  work  of  correlation,  and  this  is  doubtless  the  special 
significance  of  the  announcement  published  at  that  time  of  a 
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text-book  on  comparative  neurology.  But  this  period  of  work 
he  was  not  able  to  enter  far  and  the  text-book  is  still  unpub- 
lished. This  manuscript,  together  with  that  of  several  other 
projected  works  on  psychology  and  ethics,  remains.  It  is  yet 
too  early  to  state  how  much  of  this  matter  can  be  edited  for  pub- 
lication. If  the  last  ten  years  of  his  life  could  have  been 
5pent  in  Granville,  as  was  his  plan,  results  of  moment  in  the  way 
of  correlation  would  undoubtedly  have  followed.  As  it  is,  none 
of  the  papers  in  neurological  lines  were  regarded  by  him  as  other 
than  fragments. 

The  first  important  paper  in  neurology  was  published  in  the 
Journal  of  the  Cincinnati  Society  of  Natural  History — "Notes 
upon  the  Brain  of  the  Alligator."  This  is  an  elaborate  descrip- 
tive article  illustrated  with  nearly  a  hundred  of  the  beautiful 
pen  drawings  which  he  used  so  freely  in  all  of  his  work. 

The  second  neurological  paper  of  special  importance  was 
the  leading  article  in  the  first  issue  of  the  Journal  of  Comparative 
Neurology,  on  the  histogenesis  of  the  cerebellum  in  correlation 
with  its  comparative  anatomy.  This  paper  was  ignored  largely 
by  the  workers  immediately  following,  but  its  main  points  have 
been  fully  confirmed  by  later  students.  It  is  really,  though  very 
brief,  one  of  his  best  contributions. 

Of  the  remaining  neurolc^cal  papers,  the  most  important 
were  published  in  the  Journal  of  Comparative  Neurology,  those 
in  the  Anatomischer  Anseiger,  American  Naturalist,  etc.,  being 
for  the  most  part  summaries  of  the  longer  articles.  These  were 
-descriptive  articles  in  most  cases,  devoted  mainly  to  the  brain  of 
fishes  and  reptiles,  with  some  attention  to  amphibians. 

The  greater  part  of  bis  descriptions  of  the  fish  brain  have 
since  been  worked  over  with  the  same  secticms  which  he  used 
in  hand,  and  his  descriptions  have  been  found  to  be  very  exact, 
though  often  so  brief  as  to  make  it  difficult  to  understand  them 
without  reference  to  the  preparations.  Furthermore  they  stand 
the  test  of  control  by  the  more  recent  neurological  methods  very 
well,  though  of  course  not  always  in  detail.  His  method  of  push- 
ing a  given  research  through  rapidly  enabled  him  to  cover  a  great 
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deal  of  ground  with  surprising  fidelity  to  the  facts  of  his  materiaL 
But  the  method  results  in  a  positive  hardship  to  his  readers, 
since  the  matter  was  not  fully  digested  and  correlated  before 
publication.  While,  therefore,  this  matter  is  of  great  value,  it 
is  hard  to  read  and  will  not  be  used  fully  save  by  a  few  specialists 
until  it  is  worked  over  and  correlated  within  itself  and  with  other 
more  recent  work.  It  is  hoped  that  this  may  be  done  soon.  The 
facts  as  stated  must  necessarily  serve  as  the  basis  for  any  future 
work  on  the  types  which  he  studied. 

After  his  departure  for  New  Mexico  a  few  brief  neurological 
articles  were  published,  but  only  fragments  remaining  from  his 
earlier  work  or  critical  articles.  This  period  was  devoted  chiefly 
to  geology  and  other  studies  which  could  be  pursued  out-of-doors, 
and  more  recently  to  philosophical  writing. 

In  1892  he  contributed  a  short  paper  to  the  Leuckart 
Festschrift.  In  1893  he  wrote  four  articles  for  the  supplement 
to  Wood's  Reference  Handbook  of  the  Medical  Sciences.  He 
also  wrote  a  few  articles  for  the  second  edition  of  the  Handbook, 
beginning  in  1900.  In  conjunction  with  C.  Judson  Herrick,  he 
prepared  the  neurological  articles  for  the  Baldwin  Dictionary 
of  Philosophy  and  Psychology,  some  of  these  being  encyclopedic 
articles  of  considerable  length. 

The  best  years  of  his  life  were  devoted  to  his  neurological 
work  and  it  is  all  of  a  high  order  of  merit,  yet  one  feels  that  in 
very  little  of  it  did  he  do  himself  justice.  His  impetuous  tem- 
perament and  phenomenal  ability  to  turn  off  research  rapidly  is^ 
partly  responsible  for  this;  but  its  unsatisfactory  character  is 
largely  due  to  the  fact  that  it  was  cut  off  prematurely.  He  never 
had  the  patience  to  polish  his  work  as  some  like  to  see  it  done, 
and  it  would  have  been  much  more  accessible  if  he  had  put  even^ 
the  unfinished  reports  of  progress  into  more  systematic  form. 
Yet,  even  as  it  is,  the  aggregate  is  a  monumental  work  to  stand 
as  the  out-put  of  only  about  half  a  decade  of  productive  work. 

Of  his  work  in  New  Mexico  one  who  had  first-hand  knowl- 
edge writes  as  follows: 

"He  first  resided,  with  his  family,  in  Albuquerque,  and  while 
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gaining  strength,  began  to  study  the  local  fauna  and  flora.  Per- 
haps it  may  be  allowable  to  give  an  incident  from  this  period  of 
his  life,  for  it  is  most  typical  of  him. 

"While  recovering  strength  he  was  accustomed  to  lie  uf)on 
a  couch  in  the  open  air.  His  microscope  was  close  at  hand,  and 
he  began  at  once  the  study  of  our  fresh  water  crustaceans.  For 
a  few  minutes  he  would  study  his  creature  under  the  microscope, 
make  his  exquisite  drawings,  write  out  his  description,  when, 
being  seized  with  a  coughing  spell,  he  would  be  forced  to  his 
couch  completely  exhausted,  to  remain  there  perhaps  half  an 
hour  before  he  could  resume  his  study. 

"This  incident  illustrates  two  characteristics.  It  illustrates 
first,  his  unremitting  labors.  Only  when  necessity  compelled  did 
he  cease  his  labor.  True,  he  had  his  recreations,  but  these  were 
often  of  such  character  as  to  be  downright  labor  for  most  men. 
The  incident  also  illustrates,  secondly,  his  deep  thirst  for  knowl- 
edge. Only  he  who  has  drunk  at  the  fountain  of  inspiration 
<:ould  labor  so  incessantly  under  conditions  so  unfavorable.  . 

"After  some  months  spent  in  Albuquerque,  Professor  Her- 
rick  and  his  family  moved  to  Socorro.  There  he  became  inter- 
ested in  geological  studies,  and  also  collected  a  considerable 
herbarium  of  native  plants.  He  contributed  occasional  articles 
to  the  Journal  of  Comparative  Neurology,  In  the  spring  of  1897 
he,  in  company  with  his  son  Harry  and  Dr.  Maltby,  made  an 
exploring  trip  to  the  Tres  Marias  Islands,  off  the  western  coast 
of  Mexico,  where  a  large  natural  historj'  collection  was  made. 

"Upon  his  return  from  Mexico,  Professor  Herrick  was 
elected  President  of  the  University  of  New  Mexico,  and  began 
his  new  labors  in  1897.  His  wide  experience,  having  been  con- 
nected with  three  universities,  viz.,  Minnesota,  Cincinnati  and 
Denison,  his  several  trips  to  Germany,  where  he  met  and  worked 
with  the  leaders  in  the  ^biological  sciences,  his  national  reputa- 
tion in  fields  of  zoology,  geology,  neurology,  psychology  and 
philosophy,  gave  him  an  ideal  preparation  as  a  college  president 
No  wonder,  then,  that  he  drew  to  him  immediately  a  number 
of  advanced  students  who  were  inspired  by  his  genius  and  broad 
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knowledge,  and  who  fairly  worshiped  him. 

"In  passing,  it  may  be  mentioned  that  under  him  the  policy 
of  the  University  was  completely  reversed.  From  a  literary 
academy,  it  became  a  scientific  school ;  from  a  preparatory  school 
it  developed  into  a  college  with  a  post-graduate  department. 
In  three  short  years  the  institution  was  placed  where  it  belonged 
— ^at  the  head  of  the  school  system  of  New  Mexico. 

"Upon  entering  his  new  duties.  Dr.  Herrick  commenced  the 
biological  and  geological  survey  of  the  territory. 

"Two  volumes  of  original  investigations  in  these  lines  speak 
for  themselves.  In  addition,  contributions  were  made  to  some 
of  the  leading  journals  of  America,  especially  to  the  Journal  of 
Comparative  Neurology,  the  American  Geologist  and  the  Psycho- 
logical  Review.'' 

Of  Professor  Herrick's  contributions  to  philosophy  a  word 
should  be  said.  That  his  interest  was  a  deep  and  abiding  one 
is  abundantly  evident  from  a  glance  at  his  writings  which  include 
many  articles  and  discussions  dating  from  the  publication  in 
1882  of  his  translation  of  Lotze's  lectures  on  psychology  to 
the  series  of  articles  on  "Dynamic  Realism'*  which  he  had  begun 
to  publish  in  the  Journal  of  Philosophy,  Psychology,  and  Scien- 
tific Methods,  at  the  time  of  his  death.  He  made  frequent  short 
contributions  to  the  Psychological  Review,  besides  publishing 
various  articles  of  a  psychological  and  philosophical  character  in 
the  columns  of  his  own  Journal,  His  interest  in  problems  of 
ethics  and  religion  is  evidenced  by  divers  articles  in  certain  of  the 
religious  periodicals  as  well  as  by  much  unpubHshed  MS. 

Of  his  metaphysical  writings  it  should  be  said  that  they  were 
always  inspired  by  his  scientific  researches.  He  never  was  satis- 
fied with  the  easy  philosophy  of  the  "anti-metaphysical"  stand- 
point of  many  fellow  scientists.  Psycho-physical  paralleHsm  he 
regarded  as  "the  Great  Bad."  The  aim  of  his  life  was  to  throw 
light  upon  just  such  so-called  insoluble  problems  as  the  relation 
of  consciousness  to  the  brain.  "Ignorabimus"  is  a  word  which 
never  fell  from  his  lips.  The  unity  of  the  material  and  the  mental 
is  a  truth  upon  which  he  came  to  lay  increasing  stress  in  his  later 
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years.  Starting  frcwn  a  Lx)tzean  spiritualistic  idealism  he  never 
lost  hold  of  the  monism  which  characterizes  that  philosophic 
world-view,  though  in  many  respects  he  worked  beyond  it,  his 
scientific  studies  serving  to  correct  any  tendency  to  an  exclusive 
emphasis  upon  the  mental.  This  is  seen  in  the  title  under  which 
his  latest  writings  appear — ^*'Dynamic  realism" — in  which  many 
will  find  hints  of  a  coming  philosophic  movement  which  is  to  re- 
interpret the  fixed  ontological  categories  of  a  past  metaphysics 
in  more  dynamic  and  organic  terms. 

Of  his  contributions  to  the  theory  as  to  the  nature  of  con- 
sciousness (equilibrium  theory  of  consciousness),  the  physiolog- 
ical basis  of  the  emotions,  theory  of  pleasure-pain  (summation- 
irradiation  theory  of  pleasure-pain),  his  discussion  of  the  reflex 
arc  or  organic  circuit  under  the  terms  of  his  own  coining 
("aesthesodic"  and  "kinesodic"),  and  in  general  his  interpreta- 
tion of  experience  in  dynamic  and  energic  terms,  we  may  not 
here  speak  in  detail.  But  the  attention  of  the  readers  of  this 
Bulletin  should  be  called  to  this  side  of  his  work  as  it  is  em- 
bodied in  his  various  published  writings  and  especially  in  cer- 
tain writings  which  are  yet  to  appear. 

In  the  memory  of  his  pupils  Professor  Herrick  was  greatest 
as  a  teacher.  This  statement  can  only  be  appreciated  by  those 
who  knew  him  personally  and  were  in  his  classes.  There  was 
no  display  or  oratory.  He  was  not  what  would  be  called  a  gifted 
public  speaker,  though  he  was  often  called  upon  for  such  ser- 
vices. It  was  in  the  class-room  or  about  the  seminar  table  or  in 
general  conversation  that  the  inexhaustible  fertility  of  his  thought 
and  fine  suggestiveness  of  his  language  appeared.  In  his  lectures 
one  always  knew  that  he  was  geting  the  best,  the  latest,  the  deep- 
est results  of  his  scientific  research  and  philosophic  reflection. 
Never  was  any  work  slighted  in  which  his  students  were  involved. 
Other  things  might  be  sacrificed — time,  money,  convenience,  even 
health  itself,  but  never  the  student.  The  result  was  that  his  teach- 
ing was  not  confined  to  the  class-room  or  laboratory.  There 
never  was  an  occasion  upon  which  he  was  not  ready  to  suggest, 
advise,  assist  the  groping  mind  in  its  search  for  the  truth. 
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He  was  extraordinarily  versatile  in  the  class-room.  He 
would  lecture  with  a  piece  of  chalk  in  each  hand,  sketching  at 
the  same  time  ambidextrously  upon  the  blackboard  the  figure 
he  was  describing.  Never  did  the  lecture  degenerate  into  a 
mere  description  of  the  figure.  The  figure  he  was  describing 
was  the  figure  in  his  mind,  the  figure  that  he  was  thereby  sug- 
gesting m  the  student's  mind.  Such  description  and  all  the  otlier 
instrumentalities  of  the  class-room  and  laboratory  were  always 
kept  in  their  proper  place  and  prop)ortion  as  means  to  the  end 
of  knowledge  and  insight  His  artistic  sense  was  too  fine  to 
allow  them  ever  to  degenerate  into  mere  ends  in  themselves; 
the  technique  of  his  teaching  was  in  itself  a  work  of  art,  the 
more  that  it  was  unconscious  on  his  part.  His  courses  in  neu- 
rology, embr>'ology,  and  histology  were  primarily  courses  in 
thinking.  This  is  no  doubt  the  reason  why  so  many  of  his  stu- 
dents look  back  upon  his  teaching  as  the  period  of  their  intel- 
lectual awakening. 

One  of  his  colleagues  at  Denison  University  says  of  him: 
"All  who  knew  Professor  Herrick  loved  him.  Different  friends 
had  different  reasons  for  loving  him,  but  all  agreed  in  loving. 
Christian  people  loved  him  because  he  was  a  loyal  Christian  man. 
Intellectual  people  loved  and  admired  him  because  of  his  bril- 
liant and  keen  intellect;  and  men  in  general  loved  him  because 
they  saw  in  him  a  true  and  noble  man  loving  the  truth  and  liv- 
ing it  out  in  his  daily  life." 

As  has  been  said  of  another:  "He  did  his  work  with  a 
quietness  which  concealed  its  |X)wer.  He  contributed  to  science 
our  best  example  of  the  scientific  temper.  He  was  a  profound 
thinker.  He  was  a  successful  teacher.  He  was  a  lover,  in- 
spirer,  and  leader  of  youth.'* 

H.  Heath  Bawden. 
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Section  I.  '  Introduction. 

The  conception  of  the  nervous  system  as  a  mechanism  for 
putting  the  organisrn  into  correspondence  with  the  external  En- 
vironment and,  in  higher  animals,  for  coordinating  the  reacting 
apparatus  itself  (internal  environment)  may  be  said  to  give  the 
key  to  its  evolutionary  history.  These  two  factors  have*  given 
direction. to  the  differentiation  of  the  nervous  system  into  so- 
matic sold  visceral  systems  respectively  and  the  further  Subdi- 
vision of  each  of  these. 


'  This  study  was  awarded  the  Cartwright  Prize  for  1905  by  the  Aluhini' As- 
sociation <rf  the  College  of  Physicians  and  Surgeons,  Columbia  University,  New 
York^  It  is  published  simultaneously  in  Wi^,  Journal  of  Comparative  Neurology 
and  J^sychology  and  the  Bulletin  of  the  Scientific  Laboratories  of  Denison  University, 
pages  375  to  456  of  volume  XV  of  the  fou^nal  being  severally  identical -#ifh 
pages  35  to  116  of  volume  XIII  of  the  Bulletin, 
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Thfc  labors  of  the  students  of  nerve  components  have  given 
us  for  the  peripheral  nervous  system  a  paradigm  or  schema 
which  seems  to  hold  for  all  vertebrates,  though  with  infinite 
variation  in  its  details ;  and  it  now  remains  to  correlate  these 
peripheral  components  with  the  central  conduction  paths  so  as 
to  give  a  detailed  knowledge  of  the  whole  course  of  each  reflex 
pathway. 

In  attacking  this  general  problem  there  are  obviously  two 
general  lines  of  procedure  open  to  usi — (i)  beginning  with 
the  simplest  brains  we  may  work  out  exhaustively  for  each 
critical  species  in  the  phylogenetic  series  the  conduction  paths 
as  completely  as  possible  by  monographic  treatment  of  types 
and  thus  in  the  end  approximate  to  a  reconstruction  of  the 
phyletic  history  of  the  nervous  system.  (2)  Or  we  may  take 
each  sensori-motor  reflex  system  as  the  unit  and  trace  its 
phylogeny  through  the  series  of  types.  This  second  method 
has  the  obvious  advantage  that  one  can  start  with  the  system 
in  question  in  some  type  where  it  attains  maximum  develop- 
ment and,  having  arrived  at  a  thorough  knowledge  of  its  anato- 
my and  physiology  here,  it  will  be  easier  to  read  this  schema 
backwards  to  the  more  primitive  animals,  as  well  as  forwards  in 
its  further  evolutionary  modifications.  It  is  hardly  necessary 
to  call  attention  to  the  fact  that  the  human  nervous  system  is 
the  least,  favorable  starting  point  for  this  sort  of  a  research  ex- 
cept for  the  neo-pallium  and  its  appendages. 

Each  method  has  its  advantages.  The  monographic  treat- 
ment of  type  brains  is  really  far  more  difficult,  even  in  the  low- 
est vertebrates,  because  of  the  difficulty  in  interpreting  such 
simple  undifferentiated  pictures  and  analyzing  a  complex  where 
there  are  few  salient  features.  But  nature  has  effected  the 
analysis  for  us  in  some  of  the  more  specialized  types  by  the 
hypertrophy  of  isolated  systems  ;  and  if,  as  sometimes  happens, 
the  other  functional  systems  are  in  a  primitive  or  reduced  con- 
dition, we  have  a  favorable  point  of  approach  for  a  monographic 
study  of  the  exaggerated  functional  system  (cf  Judson  Her- 
RICK,   '03). 

The  purpose  of  this  study  is  to  make  such  a  detailed  analy- 
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SIS  of  a  single  functional  system  of  neurones — the  gustatory 
system — in  types  where  it  reaches  its  maximum  development 
and  is  obscured  as  little  as  possible  by  a  high  development 
of  other  systems.  These  conditions  are  fulfilled  perfectly  in  the 
cyprinoid  and  siluroid  fishes,  whose  brains  are  uncomplicated  by 
any  pathways  leading  to  or  from  the  cortex  of  the  fore-brain 
and  are  in  the  main  merely  reflex  mechanisms,  but  whose  peri- 
pheral gustatory  pathways  are  more  highly  developed  than  in 
any  other  vertebrates. 


Section  II.     The  Peripheral  Gustatory  System  in  Fishes. 

As  is  well  known,  taste  buds  occur  freely  scattered  over 
the  mucous  lining  of  the  mouth  and  gills  of  nearly  all  fishes 
from  the  lips  to  the  oesophagus.  These  are  innervated  by  the 
VII,  IX,  and  X  cranial  nerves.  Similar  taste  buds,  commonly 
called  terminal  buds,  occur  in  the  outer  skin  of  some  fishes  and 
these  also  have  been  recently  shown  to  be  gustatory  in  func- 
tion (JuDSON  Herrick,  *04).  They  are,  in  all  cases  where 
the  innervation  is  knoAvn,  supplied  by  the  facial  nerve.  All 
taste  buds  in  the  pharynx  and  back  part  of  the  mouth,  then, 
are  supplied  from  the  vagus  and  glossopharyngeus,  those  in  the 
front  part  of  the  mouth,  lips  and  outer  skin  from  a  root  of  the 
facialis  which  apparently  corresponds  with  the  portio  intermedia 
of  human  anatomy. 

Associated  with  each  of  these  roots  are  unspecialized 
visceral  sensory  fibers  ending  by  free  arborizations  in  the  mu- 
cous membrane  of  the  mouth  cavity,  these  being  very  numer- 
ous in  the  region  of  the  lower  vagal  roots  and  diminishing 
cephalad.  The  central  connections  of  these  two  elements  have 
not  as  yet  been  clearly  differentiated,  and  both  are  provisionally 
designated  the  **  communis  system  '*  of  nerves  by  students  of 
nerve  components.  With  the  unspecialized  fibers  we  are  not 
here  concerned.  The  specialized  communis  fibers  related  with 
taste  buds,  either  within  or  outside  the  mouth,  and  the  ganglion 
cells  from  which  they  are  derived  will  be  termed  the  peripheral 
gustatory  system  of  neurones. 
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The  peripheral  gustatory, system  has.  recently  been  worked 
up  both  anatomically  and  physipiogically  in  a  number  of  fishes, 
Aiost  thoroughly  in  the  siluroid^  or.  cat  fishes  (Judsqn  Herrick, 
'oi  and  'q4).  .   From  the  paper  last  cited  we  copy  the  accon- 

i-panying  figure  (Fig.  i),  which  gives  the  peripheral  distribution 
of,  the  .cutaneous  branches  of  the  conununis  root  of  the  facial 

•  nerve  to  s^ypply  the  taste  buds  in  the  outer  skin,  .in  the  homed 
pout,  Ameiurus. 


^V 


Fig,  /.     A  projection  of  the  cutanieous  branches  of  the  cominunisroot  of  the 
right  facfal  nerve  in  Ameiurus  m/las^  Jordan  and  Cope.     Natural  size. 
' '      The  branches  of  this  nerve  which  supply  taste  budi  within  the  mouth  are  not 
drawn.     All  of.  the,  branches  shown  are  gustatory  in  function.     From  the  Bul- 
letin of  the  U.  S,  Fish  Commission  for  1902  (JuDSON  Herrick,  *04). 

The  general  form  of  these  buds  of  Ameiurus  and  th^ir  re- 
lations to  the  skin  are  shown  in  Figure  2.  Practically  all  parts 
of  the  skin  in  .these  fishes  are  provided  wijtb  taste  buds  supplied 
by  this  root,  these  same  areas  receiving  also  general  cutaneous 
nerves  for.  tactile  sensation  from  other  nerve  roots,  land  the 
barblets  being  especially  richly  supplied  with  both  sorts  of  nerve 
endings.       .        . 

It  has  been  determined  by  2^n  experimental  study  of  a.  series 
of  both  fresh  water  and  marine  fishes  (JupsoH  Herrick,,  '04) 
that  the  cutaneous  communis  nerves  are  gust^ttpry  in  function 
and  that  this  function  is  absent  from  the  skin  in  species  where 
these  nerves  and  their  sense  organs  are  not  developed.  ;  When 
edible  substances  or  sapid  solutions  were  brought  in  contact 
with  these  cutaneous  sense  organs  the  fishes  would  react  by  the 
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appropriate  movements  to  approach  and  seize  the  food  and  in 
the  case  of  the  horned  pout,  Ameiurus,  it  was  found  possible  to 
differentiate  a  gustatory  reaction  from  a  tactile  reaction  and  to 
prove  that  both  senses  possess  a  "local  sign  ;"  i.  e.,  both  the 
tactile  and  the  gustatory  reaction  can  be  localized  in  space. 


Fig,  2,  Section  fhrough  the  skin  of  the  top  of  the  head  of  Amiurus  mtlas^ 
showing  a  terminal  bud.  From  iXi^/ffumalo/  Comparative  Neurology.  (JUDSON 
Herrick,  '01). 

At  d  is  the  dermis  which  is  raised  into  a  low  papilla  under  the  sense  organ 
and  whose  center  is  pierced  by  the  nerve  for  the  organ ;  r/.,  clavate  cells  of 
Lbydig  ;  muc,f  mucus  cells  of  the  epidermis. 

The  peripheral  pathways  for  these  motor  responses  are  now 
well  known  and  the  problem  of  the  present  research  may  be 
thus  stated :  Given  the  terminal  relations  of  the  peripheral 
gustatory  neurones  and  the  peripheral  motor  neurones  involved 
in  the  known  gustatory  reflex  movements  of  these  fishes,  what 
are  the  central  connections  between  them  ? 

Experiment  has  shown  that  the  taste  buds  in  the  outer  skin 
function  in  substantially  the  same  way  as  those  within  the 
mouth,  though  there  are  certain  obvious  differences,  particularly 
the  fact  that  the  stimulus  if  applied  to  the  cutaneous  taste  buds 
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usually  calls  forth  a  movement  of  the  whole  body  toward  the 
food  object,  while  this  is  unnecessary  in  the  case  of  a  gustatory 
stimulus  received  within  the  mouth.  This  is  the  probable  rea- 
son for  the  differentiation  of  a  special  center  in  the  medulla  ob- 
longata for  the  reception  of  the  facial  root  of  the  communis  sys- 
tem, the  lobus  facialis,  or  **tuberculumimpar,*'  in  those  species 
which  possess  large  numbers  of  terminal  buds  in  the  outer  skin. 


Fig.  J.  Two  views  of  the  brain  of  the  buffalo  fish,  Carpiodes  velifer  (Raf.), 
(I)  from  above,  (2)  from  the  right  side.     X  2.     After  C.  L.  Herrick. 

The  vagal  lobes  [L.  vg.)  are  relatively  larger  than  in  the  carp  and,  with  the 
overhanging  cerebellum,  completely  conceal  the  facial  lobe.  In  the  lower  figure 
the  branches  of  the  trigemino-facial  root  complex  are  marked  K/.</.,  Vi.v.^  1% 
Vlly  and  the  root  of  the  auditory  nerve  VI I L  Between .  the  latter  and  the 
caudal  tip  of  the  optic  lobe  is  a  well-defined  protuberance  ventrally  of  the  cerebel- 
lum. This  is  the  lateral  portion  of  the  superior  secondary  gustatory  nucleus 
(Rindenknoteny  Mayser).  Caudad  of  this,  immediately  dorsally  of  the  VIII  root, 
is  the  small  lobus  lineae  lateralis  (Johnston)  from  which  the  luberculum  acusti- 
cum  and  cerebellar  crest  extend  caudad  beneath  the  vagal  lobe.  In  the  upper 
figure,  the  median  shaded  part  of  the  roof  of  the  optocoele  is  membranous,  the 
optic  lobes  being  widely  divaricated  by  the  enormous  valvula  cerebelli.  In  both 
figures  the  membranous  roof  of  the  fore-brain  is  dissected  away  to  show  the 
lobules  of  the  basal  ganglia,  and  the  olfactory  bulbs  are  cut  away. 

With   the  exception  just  noted,  it  is  probably  safe  to  as- 
sume that  there  will  be  found  broad  lines  of  similarity  between 
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both  the  peripheral  and  the  central  gustatory  paths  in  all  verte- 
brate types  and  that  fishes  like  the  carp  with  enormous  hyper- 
trophy of  the  gustatory  roots  of  the  VII,  IX  and  X  nerves  may 
safely  be  used  as  guides  to  point  the  way  for  further  researches 
upon  the  gustatory  paths  of  higher  vertebrates  where  the  sys- 
tem is  less  easily  analyzed.  Such  being  the  case,  our  problem 
assumes  a  measure  of  importance  when  we  remember  that  the 
central  gustatory  pathway  is  at  present  almost  totally  unknown 
in. all  vertebrates,  including  man,  and  that  even  the  peripheral 
pathway  is  still  in  dispute  among  students  of  human  anatomy. 

It  has  been  already  pointed  out  (Judson  Herrick,  '04) 
that  the  siluroids  (cat  fishes  and  horned  pouts)  and  the  larger 
cyprinoids  (carps,  suckers,  etc.)  present  a  striking  similarity  to 
each  other  and  contrast  to  other  teleosts  in  both  the  peripheral 
and  the  central  nervous  systems,  and  that  these  features  center 
about  the  gustatory  pathways.  In  teleosts  generally  the  gustal 
tory  pathway  from  the  lining  of  the  mouth  in  the  branchial  re- 
gion, entering  the  brain  by  the  communis  roots  of  the  IX  and 
X  nerves,  and  the  gustatory  pathway  from  the  anterior  part  of 
the  mouth  and  from  the  outer  skin,  entering  by  the  communis 
VII  root,  terminate  together  in  a  single  cerebral  enlargement, 
the  lobus  vagi.  But  in  these  two  groups  of  fishes  we  have  a 
second  tuberosity,  as  mentioned  above,  developed  for  the  com- 
munis root  of  the  facialis  to  provide  for  the  unusually  large 
number  of  taste  buds  in  the  outer  skin  supplied  by  this  nerve. 

In  the  cyprinoids,  particularly  the  carp-like  forms,  both  of 
these  lobes  are  enlarged,  correlated  with  a  high  development  of 
the  taste  buds  in  each  of  the  corresponding  peripheral  regions, 
but  particularly  in  the  vagal  region  to  supply  the  remarkable 
collection  of  taste  buds  on  the  palatal  organ.  In  the  siluroids, 
on  the  other  hand,  there  is  no  hypertrophy  of  the  gustatory  or- 
gans in  the  branchial  region  and  the  vagal  lobes,  accordingly, 
are  essentially  similar  to  those  of  other  teleosts.  But  the  highly 
developed  cutaneous  gustatory  organs  innervated  by  the  facialis 
have  called  forth  an  enlargement  of  the  facial  lobe  greater  than 
that  of  cyprinoids.  Since  in  the  siluroids  all  of  the  taste  buds 
of  the  outer  skin  are  supplied   by  the  communis  root  of  the 
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facialis  (Juoson  Herrick,  'oi)  and  since  the  palatal  and  other 
branches  of  the  Communis  VII  root  which  supply  taste  buds 
within  the  mouth  are  not  enlarged,  as  compared  with  other 
fishes,  it  is  clear  that  the  enormous  communis  VII  root  and  the 
lobus  facialis  in  which  it  terminates  are  related  mainly  to 
cutaneous  taste  buds  in  these  fishes. 


Fig.  4 .  Dorsal  view  of  the  brain  of  the  yellow 
cat  fish,  Liptops  olivaris  (Raf.),  X  2, 

The  olfactory  bulbs  are  cut  off ;  also  the  mem- 
branous roof  of  the  fourth  ventricle,  exposing  the 
facial  lobes  (Z.  /*.)  and  vagal  lobes  (Z.  V,).  This 
ventricle  is  bounded  behind  by  a  transverse  ridge 
containing  the  commissura  infima  Uali^eri  (r.  i.) 
and  the  commissural  nucleus  of  Cajal.  The  tuber- 
osity laterally  of  the  cerebellum  and  facial  lobe  is 
the  lobus  liheae  lateralis  (/.  /.  /.),  which  is  greatly 
enlarged  and  entirely  conceals  the  superior  second- 
ary gustatory  nucleus. 


Section  III.     The  Central  Gustatory  System  of  Cypri- 

NOiD  Fishes. 

We  shall  now  proceed  with  a  description  of  the  gustatory 
pathways  in  a  selected  series  of  teleosts,  beginning  with  the 
larger  cyprinoids  where  it  attains  its  maximum  development. 
The  results  here  obtained  will  be  controlled  by  an  equally  care- 
ful examination  of  the  brains  of  siluroid  fishes  (particularly 
Ameiurus),  whose  gustatory  centers  differ  greatly  in  detail  from 
those  of  the  carp-like  forms.  These  minor  differences  will  serve 
to  bring  out  more  clearly  the  points  of  fundamental  resemblance, 
which  are  very  striking. 

The  end-station  of  the  gustatory  neurones  of  the  first  order 
(peripheral  neurones)  is  the  nucleus  of  origin  f6r  the  neurones 
of  the  second  order,  giving  rise  to  secondary  gustatory  tracts, 
and  these  in  turn  to  tertiary  tracts.  The  nomenclature  of  these 
tracts  and  centers  offers  almost  insuperable  difficulties  and  some 
new  terms  will  have  to  be  introduced  and  old  ones  more  nar- 
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rowly  defined.  A  summary  of  the  nomenclature  here  employed 
for  the  gustatory  system  of  these  fishes  is  given  in  tabular  form 
in  Section  V,  to  which  frequent  reference  should  be  made. 

/.     Primary   Gustatory  Centers. 

The  general  topography  for  the  vagal  and  facial  lobes  of 
cyprinoid  fishes  has  often  been  described,  and  the  reader  is  re- 
ferred for  the  details  to  the  classic  paper  of  Mayser  ('82),  and 
also  to  the  figures  of  Bela  Haller  ('96),  whose  descriptions, 
however,  I  do  not  in  all  things  confirm.  I  have  found  little  in 
the  extensive  work  of  this  author  ('98)  on  the  brains  of  Salmo  - 
and  Scyllium  which  sheds  further  light  on  the  secondary  con- 
nections of  the  vagal  lobe.  However,  I  do  not  profess  to  have 
mastered  the  contents  of  this  unsystematic  and  obscure  paper, 
though  I  have  dilligently  studied  it.  Nor  is  there  anything  of 
importance  from  our  present  point  of  view  in  the  recent  disser- 
tation on  the  vagal  lobes  of  cyprinoids  by  Groth  (*cx>),  whose 
purpose  was  merely  to  test  the  accuracy  of  some  of  Haller's 
observations  on  nerve  anastomoses  in  these  fishes. 

The  vagal  lobe  of  the  cyprinoids,  as  compared  with  that  of 
the  siluroids  and  the  teleosts  generally,  represents  an  en- 
largement of  both  the  sensory  and  the  motor  centers  of 
the  vagus  and  glossopharyngeus.  This  enlargement  is  corre- 
lated with  the  development  of  the  curious  palatal  organ  in  the 
mouth  of  these  fishes,  the  sensory  fibers  being  derived  from  the 
taste  buds  which  cover  the  surface  of  this  organ  and  the  motor 
fibers  going  out  chiefly  to  the  small  muscles  which  permeate  its 
interior.  The  **  motor  layer  "  of  the  vagal  lobe,  from  which 
these  motor  fibers  are  derived  is  a  dorsal  extension  of  the  nu- 
cleus ambiguus.  The  latter  nucleus  has  the  typical  position 
and  relations,  supplying  the  branchial  musculature,  and  is  not 
commonly  regarded  as  a  part  of  the  vagal  lobe. 

We  shall  describe,  so  far  as  the  material  at  command  per- 
mits, the  conduction  pathways  in  the  vagal  lobe  of  the  larger 
cyprinoids  on  the  basis  of  sections  of  adult  and  young  brains 
cut  in  various  planes  and  stained  by  Delafield's  haematoxylin 
and  the  methods  of  Wsigert-Pal  and  Golgl    The  illustrations 
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given  throughout  the  remainder  of  this  paper  are  all  camera 
drawings  of  single  sections,  except  Fig.  20,  which  is  a  compo- 
site, and  the  schemata,  Figs.  38,  39  and  40. 

First  a  few  words  by  way  of  general  orientation.  The 
vagal  and  facial  lobes  are  dorsal  structures  in  the  oblongata,  but 
they  do  «^//epresent,  as  commonly  taught,  the  morphological 
continuation  of  the  dorsal  horns  of  the  spinal  cord.  These  are 
represented  in  the  spinal  V  tract  and  its  associated  substantia 
gelatinosa  Rolandi,  their  ventrolateral  position  in  the  vagus  re- 
gion of  these  brains  being  due  to  crowding  by  the  more  mesi- 
'  ally  placed  gustatory  centers.  The  latter  centers,  therefore,  if 
morphologically  related  to  anything  in  the  spinal  cord,  must 
represent  spinal  structures  lying  dorsally  of  the  canalis  centralis 
and  beneath  the  floor  of  the  dorsal  fissure.  In  the  oblongata 
this  fissure  opens  out  and  its  floor  becomes  greatly  extended 
to  form  the  membranous  roof  plate  (His),  or  velum  medullare 
posterior,   beneath  which  the   lobes  in  question  are  developed 

(cf.  JUDSON  HeRRICK,   '99,   p.    2 1 3). 

Figure  5,  taken  midway  of  the  vagal  and  facial  lobes  of  the 
carp,  illustrates  how  these  structures  are  superposed  upon  the 
great  longitudinar  conduction  paths  which  constitute  the  chief 
landmarks  of  morphological  relationship.  The  spinal  V  tract, 
whose  substantia  gelatinosa  at  this  level  is  reduced  to  a  mere 
vestige,  lies  ventrally  of  both  the  sensory  and  motor  vagus 
roots.  Crowded  into  the  space  ordinarily  occupied  by  the  sub- 
stantia gelatinosa  Rolandi  are  the  great  longitudinal  secondary 
gustatory  paths,  ascending  and  descending.  Me  sially  of  these 
is  the  substantia  reticularis,  shown  by  Cajal  and  others  to  be 
the  continuation  of  the  ventro-lateral  funicle  of  the  spinal  cord 
and  to  be  composed  of  short  paths,  mostly  sensory  fibers  of  the 


Fig,  J,  A  transTerse  section  taken  through  the  middle  of  the  vagal  and  facial 
lobes  of  an  adult  carp  stained  by  the  method  of  Weigert-Pal.  X  16. 

The  layers  of  the  facial  lobes  and  the  vagus  roots  are  desigpiiated  at  the 
right,  a,  s.  X.,  ascending  secondary  gustatory  tract  from  the  vagal  lobt ;.  cm>> 
r.  VII,  communis  (gustatory)  root  of  the  facialis  entering  the  facial  lobe ;  d,  /. 
Vlf,  descending  secondary  gustatory  tract  from  the  facial  lobe ;  Im.,  lemniscus 
(laterales  L&ngsbflndcl,  Mayser);  sp.  V,  spinal  root  of  the  trigeminus. 
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third  order  desfgned  ta  distribute  sensory  excitations  over  a 
large  field  of  motor  nuclei  of  the  oblongata.  Close  to  the  raphe 
in  the  median  line  is  the  fasciculus  longitudinalis  medialis,  like- 
wise composed  largely  of  short  paths  and  chiefly  motor.  Be- 
tween this  fasciculus  and  the  substantia  reticularis,  there  is  ven- 
trally  the  continuation  of  the  ventral  funicle  of  the  spinal  cord 
and  dorsally  the  lemniscus  (funiculus  lateralis,  Fritsch;  laterales 
Langsbundel,  Stieda  and  Mayser). 

The  lemniscus  is^very  complex.  It  clearly  is  composed  in 
the  main  of  crossed  ascending  fibers  from  the  primary  sensory 
centers  of  the  spinal  cord  and  oblongata  to  the  mid-brain.  These 
fibers  correspond  closely  with  the  lemniscus  lateralis  or  lateral 
fillet  of  mammals.  The  lemniscus  medialis,  or  direct  pathway 
to  the  cerebral  cortex,  as  found  in  mammals,  is  of  course  not 
present  here  and  this  whole  ascending  path  I  shall  term  simply 
lemniscus.  It  probably  receives  fibers  from  the  whole  length 
of  the  spinal  cord  with  a  large  accession  of  similar  fibers  from 
the  funicular  nuclei  and  enormous  numbers  of  fibers  from  the 
tuberculum  acusticum.  It  receives  no  appreciable  number  of 
fibers  from  the  vagal  lobes  or  other  visceral  sensory  centers  and 
therefore  may  be  considered  a  somatic  sensory  secondary  tract. 
It  terminates  in  the  mid-brain  beneath  the  tectum  in  the  pro- 
tuberance into  the  optocoele  which  is  so  characteristic  of  the 
teleosts  and  is  termed  the  torus  semicircularis  (nucleus  lateralis 
mesencephali,  Edinger).  This  body,  in  fact,  seems  to  be 
primarily  the  end-nucleus  of  this  tract.  Whether  this  bundle 
also  contains  descending  fibers  I  do  not  know,  but  am  sure  that 
if  present  they  are  relatively  few  in  teleosts.  Such  descending 
fibers  would  of  course  have  to  be  excluded  from  the  designation 
lemniscus.* 

Some  of  the  smaller  cyprinoids  (e.  g.,  Notropis)  exhibit 
but  little  enlargement  of  the  vagfal  lobes.  In  the  gold  fish 
{Carassius  auratus)  the  vagal  lobe  is  greatly  enlarged,  but  the 


1  The  reader  will  note  that  this  tract  is  designated  Umniscus  on  account  of 
its  partial  homology  with  the  tract  of  that  name  in  the  mammals,  and  that  it  has 
nothing  to  do  with  the  so-called  lemniscus  of  'Mayser  and  others,  or  tractus  tecto- 
bulbaris  et  spinalis. 
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sensory  roots  of  the  IX  and  X  nerves  penetrate  at  once  to  its 
deeper  layers  and  then  turn  outward  to  end  near  the  surface 
much  as  will  be  described  in  Ameiurus.  In  Cycleptus  the  lobe 
is  larger  and  the  sensory  roots  penetrate  but  little  before  they 
spread  out  to  end  in  a  superficial  layer  of  large  cells  which  stain 
very  pale  in  haematoxylin.  And  in  the  carp  (Fig.  $),  whose 
vagal  lobes  are  still  more  enlarged,  the  greater  part  of  the  sen- 
sory roots  do  not  penetrate,  but  spread  out  over  the  whole 
outer  surface  of  the  lobe  (constituting  Mayser's  first  layer), 
thence  to  pass  in  separate  strands  directly  into  a  thick  layer 
exhibiting  alternate  bands  of  crowded  small  cells  and  dense 
neuropil  (Mayser's  second  layer). 

This  will  be  termed  the  layer  of  secondary  neurones.  Sec- 
tions stained  by  Delafield's  haematoxylin  show  within  it 
seven  concentric  bands  of  cells  and  neuropil  which  are  more  or 
less  sharply  distinguishable,  of  which  the  two  outer  are  of 
greatest  importance.  The  first  is  a  thin  layer  of  crowded  cells 
of  relatively  large  size  which  take  up  a  very  pale  stain — ^the 
chief  secondary  gustatory  neurones.  Immediately  internal  to 
and  among  these  cells  are  smaller  very  closely  crowded  cells 
whose  nuclei  take  up  a  very  intense  stain.  These  will  be 
termed  the  smaller  gustatory  neurones.  The  other  bands  con- 
tain chiefly  minute  cells  with  deeply  staining  nuclei  and  occa- 
sionally larger,  irregularly  shaped  cells  among  them,  while  the 
inner  border  of  this  layer  is  a  band  of  neuropil  containing  a  few 
large  cells  which  take  a  very  pale  stain.  Sections  stained  by 
the  method  of  Pal  show  sensory  root  fibers  entering  this  band 
at  its  inner  border.  These  root  fibers  will  be  termed  the  deep 
communis  root  of  the  vagus,  as  distinguished  from  the  larger 
superficial  root  (Fig.  5).  The  fibers  of  the  deep  root  turn  out- 
ward to  end  in  the  second  layer  along  with  those  of  the  super- 
ficial root. 

This  layer  of  secondary  neurones  is  very  wide  in  Cyprinus 
and  is  traversed  radially  by  unmeduUated  and  delicately  medul- 
lated  fibers  for  the  deeper  layers  of  the  vagal  lobe.  The  large 
pale  cells  forming  its  outer  boundary  are  the  most  important 
and  characteristic  cells  of  the  lobe,  for  they  give  rise  to  the 
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great  secondary  gustatory  tracts  which  leave  the  lobe  for  distant 
centers.  The  narrow  layer  of  smaller  cells  adjacent  to  these 
may  share  this  function,  but  their  neurites  are  mostly  shorter. 
The  small  cells  of  the  other  bands  of  this  layer  have  short  neu- 
rites which  terminate  for  the  most  part  within  the  lobe  and  are 
therefore  called  intrinsic  secondary  gustatory  neurones. 

Immediately  internal  to  the  seventh  band  of  the  layer  of 
secondary  neurones  is  Mayser's  third  layer,  the  layer  of  second- 
ary gustatory  fibers^  which  pass  ventrally  to  constitute  the  * 'sec- 
ondary vagus  bundle'*  of  Mayser.  These  fibers  are  of  small 
caliber  with  thin  sheaths  which  take  a  very  pale  stain  by  the 
Weigert  method. 

Internally  from  the  secondary  gustatory  tract  is  the  motor 
layer  (Mayser's  fourth),  containing  large  cells  which  give  rise 
to  motor  root  fibers  of  the  IX  and  X  nerves.     The  thick  epen- 
dyma  containing  large  blood   vessels  is   Mayser's  fifth  layer. 
Some  of  its  supporting  elements  are  shown  in  Fig.  6. 

The  endings  of  the  peripheral  neurones  which  compose  the 
superficial  layer  of  root  fibers  of  the  vagal  lobe  of  the  cyprinoids 
are  richly  impregnated  in  many  of  my  Golgi  preparations. 
Those  of  the  deeper  layers  impregnate  with  much  more  diffi- 
culty. They  are  seen  in  Fig,  6.  The  superficial  fibers  end  by 
extensive  terminal  arborizations  which  ramify  widely  among  the 
dendrites  of  the  chief  secondary  gustatory  neurones,  forming  a 
very  dense  neuropil  in  the  more  superficial  parts  of  the  layer  of 
secondary  neurones,  though  some  penetrate  through  the  whole 
thickness  of  this  layer.  These  endings  are  shown  in  Figs.  6 
and  15  and  somewhat  imperfectly  in  Fig.  8.  Fig.  6  shows 
that  the  slender  strands  of  root  fibers  pass  from  the  superficial 
to  the  deep  layers  of  root  fibers  throughout  the  whole  extent  of 
the  vagal  lobe. 

The  most  caudal  fibers  of  the  vagus  constitute  the  descend- 
ing or  spinal  root  of  this  nerve,  which  passes  a  very  short  dis- 
tance caudad  to  terminate  in  the  grey  centers  associated  with 
the  commissura  infima  Halleri  and  funicular  nuclei  as  Cajal 
('96,  p.  46)  describes  the  endings  of  the  fasciculus  solitarius  in. 
the  nucleus  commissurale  of  the  mouse. 
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The  general  arrangement  of  the  chief  secondary  neurones 
may  be  understood  by  reference  to  Fig.  7,  drawn  from  a  sagit- 
tal section  of  a  young  carp,  where  these  cells  are  richly  inipreg- 


Fig,  6.  Transection  through  the  vagal  lobe  of  Catastomus  commersoni, 
GoLGi  method.     X  40. 

The  section  illustrates  the  endings  of  the  superficial  and  deep  layers  of  root 
fibers  of  the  vagus  and  the  position  of  the  chief  secondary  gustatory  neurones 
{c.s.g,H,),  An  intrinsic  neurone  of  type  II  is  shown  with  dendrites  in  relation 
with  the  termini  of  the  deep  root.  Two  neuroglia  cells  of  the  superficial  series 
are  drawn  and  several  of  the  deeper  series  (some  of  the  latter  having  been  drawn 
from  an  adjacent  section),  ^.v.,  blood  vessel;  m.r.^  motor  root  of  the  vagus  ; 
'•^.^.,  secondary  gustatory  tract ;  sp,  V,  spinal  V  tract. 
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nated.  The  layer  of  root  fibers  is  not  impregnated  in  this  prep- 
aration, but  its  relations  are  suggested  in  Fig.  8  and  more  clearly 
in  Fig.  6.     In  Fig.  8  root  fibers  are  stained  in  the  ventral  part 


iaciat   lobe 


asc  sec.  X. 


■^'If  7'  Section  through  the  vagal  lobe  of  a  young  carp,  5  cm.  long.  GoLGl 
method.     X  40. 

The  section  is  approximately  sagittal,  but  strongly  inclined  so  that,  while 
the  caudal  end  (at  the  left  of  the  figure)  is  near  the  median  line,  forward  it 
passes  toward  the  right.  It  includes,  therefore,  the  motor  nucleus  of  the  right 
▼agal  lobe  and  the  right  side  of  the  facial  lobe,  only  the  extreme  caudo-ventral 
border  of  which  is  indicated.  The  preparation  gives  a  typical  view  of  the  chief 
secondary  gustatory  neurones  of  the  vagal  lobe.  One  of  the  smaller  secondary 
neurones  («)  is  shown  at  the  extreme  ventral  (lower)  side  of  the  vagal  lobe  (cf. 
Fig.  II).  A  few  scattered  neurones  of  the  deeper  portions  of  the  layer  of  sec- 
ondary neurones  are  imperfectly  impregnated.  A  few  thick  fibers  are  seen  to 
pass  from  the  layer  of  secondary  neurones  into  the  motor  layer  to  arborize  widely 
among  its  cells.  Their  origin  could  not  be  determined,  but  is  probably  from 
some  of  the  deeper  cells  of  the  layer  of  secondary  neurones.  Asc.  sec.  X.,  ascend- 
ing secondary  gustatory  tract ;  mot.  Xr.,  motor  root  of  the  vagus. 

of  the  vagal  lobe,  but  only  secondary  neurones  in  its  dorsal 
part.  In  preparations  where  both  are  impregnated  together 
the  peripheral  lay^r  of  secondary  neurones  presents  an  inde- 
scribably intricate  complex  of  interlacing  fibers.  Fig.  9  shows 
a  single  one  of  the  chief  secondary  neurones  of  Fig.  8  drawn 
separately  on  a  larger  scale.  ^ 
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These  neurones  arc  densely  crowded  in  radial  arrange- 
ment over  the  entire  periphery  of  the  vagal  lobe  and  are  of  very 
peculiar  form.  They  are  unipolar  with  irregularly  elongated 
cell   body  and  dendrite  springing  from  the  inner  end.     The 


taberculum 
acusticum 


csec.^ 


Fig,  8.  Sagittal  section  through  the  vagal  lobe  of  a  young  carp.  GoLGl 
method.  Drawn  from  the  same  series  as  Fig.  7,  but  farther  toward  the  right 
side,  so  as  to  cut  tangentially  the  extreme  right  borders  of  the  vagal  and  facial 
lobes.     X  40. 

The  figure  illustrates  a  few  gustatory  neurones  of  the  vagal  lobe  and  (imper- 
fectly) endings  of  the  gustatory  root  fibers,  also  two  neurones  of  the  deeper  por- 
tion of  the  layer  of  secondary  neurones  whose  processes  reach  the  motor  layer 
(cf.  Fig.  7).  These  cells  appear  to  be  of  the  same  type  as  the  large  cell  lying  in 
the  layer  of  secondary  tracts  in  Fig.  13.  The  neurone  in  the  facial  lobe  is  sketched 
in  from  the  section  lying  next  mesially,  It  occupies  the  area  intermedia  of  the 
facial  lobe  and  spreads  out  over  the  whole  of  the  lateral  aspect  of  the  latter,  its 
neurite  not  being  shown.  It  is  evidently  of  the  same  type  as  the  one  figured  in 
Fig  18  at  a. 

peripheral  end  of  the  cell  body  is  drawn  out  to  a  point  which 
seems  usually  to  reach  the  external  limiting  membrane  of  the 
vagal  lobe.  In  these  young  fishes  the  external  layer  of  root 
fibers  is  relatively  thin.  In  older  carp  this  layer  is  much  thicker 
and  there  is  no  well  defined  external  limiting  membrane.  The 
bushy  dendrite  breaks  up  at  once  into  a  very  dense  mass  of 
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exceedingly  fine  branchlets  among  which  the  arborizations  of 
the  root  fibers  end.  From  one  or  more  of  the  terminal  branches 
of  this  dendrite  a  very  delicate  neurite  arises  and  goes  by  the 
shortest  path  directly  into  the  layer  of  secondary  tracts  by 
which  it  leaves  the  vagal  lobe  to  enter  the  longitudinal  second- 
ary gustatory  tracts  of  the  oblongata,  meanwhile  taking  up  a 


Fig,  9.  A  chief  secondary  gustatory  neurone  from  the  vagal  lobe  of  the 
carp — the  neurone  designated  a  on  Fig.  8.  X  250.  The  black  mass  at  the  left 
of  the  neurone  is  precipitate  deposited  in  the  external  limitating  membrane  of 
the  vagal  lobe. 

very  delicate  medullary  sheath.  In  its  passage  through  the 
layer  of  secondary  tracts  it  sometimes  gives  collaterals  into  the 
motor  layer  of  the  vagal  lobe  (Fig.  10). 

Upon  casual  examination  these  chief  neurones  might  sug- 
gest the  appearance  of  neuroglia  elements.  The  latter,  how- 
ever, are  of  totally  different  form  (Fig.  6)  and  there  is  no  oppor- 
tunity for  confusion.  The  gustatory  neurones  have  exceedingly 
fine  and  densely  branched  dendrites,  while  the  branches  of  the 
neuroglia  are  thicker  and  of  the  peculiar-  mossy  or  pulverulent 
appearance  so  characteristic  of  the  supporting  elements.  The 
neuroglia,  moreover,  as  a  rule  impregnates  with  a  dark  brown 
instead  of  black  color. 

Besides  the  chief  gustatory  neurones  just  described,  there 
are  closely  associated  with  them  just  internally  the  smaller  gus- 
tatory neurones  shown  in  Figs.  1 1  and  1 2.  These  have  the 
same  general  form  and  arrangement,  but  are  much  simpler. 
The  cell  body  is  smaller  and  usually  rounded  and  the  dendrite 
less  profusely  branched.  The  slender  neurite  arises  from  the 
tip  of  the  dendrite  and  enters  the  layer  of  secondary  tracts. 
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Some  of  these  fibers  or  their  collaterals  enter  directly  the  motor 
layer  and  there  arborize.  Others  end  by  simple  arborizations 
in  the  substantia  reticularis  and  others  turn  caudad  in  the  des- 
cending secondary  comtnunis  tract.     Whether  any  go  cephalad 


Fig.  lo.  Transverse  section  through  the  vagal  and  facial  lobes  of  the  spotted 
sucker^  Minytrema  melanops  (RaL)  from  a  fish  8  cm.  long.  GoLGi  method.  X  40. 

On  the  left  at  a  a  single  chief  secondary  gustatory  neurone  is  impregnated 
whose  neurite  sends  collaterals  into  the  dorsal  part  of  the  motor  layer  of  the 
vagal  lobe.  On  the  right  the  area  marked  by  the  crosses  is  filled  with  a  rich  im- 
pregnation  of  similar  cells  which  are  not  sketched  in.  At  ^  is  a  single  secondary 
neurone  of  the  type  shown  in  Fig.  12,  and  at  c  imperfect  impregnations  of  deeper 
secondary  neurones  of  the  intrinsic  type.  Oil  the  right  one  cell  of  the  motor 
layer  is  impregnated  whose  dendrites  reach  secondary  gustatory  tracts  partly 
within  the  vagal  lobe  and  partly  in  the  substantia  reticularis. 

asc.s.g.t,^  ascending  gustatory  tract ;  cotn.r,  VII,  communis  (gustatory)  root 
of  the  facialis;  ^jr.j.^./.,  descending  secondary  gustatory  tract,  entering  sub- 
stantia reticularis ;/./.OT.,  fasciculus  longitudinalis  medialis;  Im.,  lemniscus; 
mot.r.y  motor  root  of  the  vagus ;  j.^./.,  secondary  gustatory  tract  from  the  vagal 
lobe;  sp.  Vy  spinal  V  tract;  sup.r.,  superficial  gustatory  root  of  the  vagus. 
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in  the  ascending  secondary  tract  I  have  not  determined. 

These  neurones  clearly  are  of  the  same  type  as  the  chief 
gustatory  neurones,  but  their  neurites  have  a  shorter  course  as 
a  rule.  Cells  of  this  type  in  my  preparations  are  impreg- 
nated chiefly  in  the  more  superficial  parts  of  the  layer  of  sec- 
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Fig.  II.  Transverse  section  through  the  vagal  and  facial  lobes  of  a  young 
carp  5  cm.  long.  The  section  is  obliquely  inclined  with  the  left  side  a  little  far- 
ther caudad  than  the  right  and  the  dorsal  side  much  farther  cephalad  than  the 
ventral.     GoLGi  method.     X  40. 

The  section  passes  through  the  extreme  cephalic  end  of  the  vagal  lobe.  None 
of  the  chief  gustatory  neurones  are  impregnated  in  this  preparation,  the  super- 
ficial cells  drawn  being  of  the  smaller  variety.  Among  them  are  two  intrinsic 
neurontts  of  the  vagal  lobe.  There  is  impregnated  also  a  single  large  neurone  in 
the  dorsal  part  of  the  substantia  reticularis  one  of  whose  dendrites  reaches  the 
layer  of  secondary  gustatory  tracts  and  whose  neurite  passes  toward  the  ventral 
commissure. 

f.l.m.j  fasciculus  longitudinalis  medialis ;  Im.^  lemniscus;  mot.r.y  motor  root 
of  the  vagus  ;  s.g.t.y  secondary  gustatory  tract ;  s.  V^  spinal  V  tract. 

ondary  neurones ;  but  sections  stained  with  haematoxylin  show 
very  numerous  nuclei  of  the  same  appearance  throughout  this 
layer  and  occasional  Goloi  impregnations  show  that  they  are  in 
fact  scattered  less  freely  throughout  the  thickness  of  the  layer. 
There  are  frequent  impregnations,  usually  very  imperfect, 
of  larger  cells  of  different  kinds  in  the  deeper  parts  of  this  layer, 
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as  shown  in  Figs.  7,  8,  10  and  13  ;  but  I  have  not  been  able 
to  trace  the  connections  of  all  these  types  of  cells.  There  are 
many  indications  that  they  reach  the  motor  layer  of  the  vagal 
lobe  (Fig.  14)  and. substantia  reticularis  of  the  oblongata  imme- 
diately below  the  vagal  lobe.  In  most  of  these  cases  the 
dendrites  spread  irregularly  among  the  other  cells  of  this  layer 
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Fig.  12.  A  single  neurone  of  the  smaller  gustatory  type  from  the  right 
vagal  lobe  of  the  carp.  Drawn  from  the  same  series  as  Fig.  ii,  two  sections 
farther  caudad.     GoLGi  method.     X  250. 

The  main  axis  of  the  dendrite  is  directly  prolonged  to  form  the  neurite. 
Terminal  arborizations  of  the  gustatory  root  fibers  occur  among  these  dendrites. 
The  broken  line  represents  the  outer  border  of  the  vagal  lobe. 

and  the  processes  which  penetrate  the  motor  layer  do  not  differ 
essentially  from  the  others.  There  is  one  type  of  cells,  how- 
ever, among  these  whose  dendrites  extend  tangentially  over  a 
very  wide  area  (Fig.  16,  b  and  Fig.  18,  b).  In  one  case  (Fig. 
1 3)  a  neurite  from  a  cell  was  seen  to  enter  the  secondary  gusta- 
tory tract;  but  its  further  course  is  unknown.  Fig.  13  also 
shows  on^  of  the  smallest  of  these  intrinsic  cells  whose  thorny 
dendrites  are  sharply  contrasted  to  the  very  delicate  much 
branched  neurite  (neuropodium),  giving  the  cell  the  character- 
istic form  of  GoLGi's  type  II. 

This  is  apparently  the  most  frequent  type  of  these  intrinsic 
cells,  though  the  neurite  is  rarely  impregnated  in  recognizable 
form.  Fig.  6  illustrates  a  different  form  of  this  type  of  cell, 
with  cell  body  and  dendrites  among  the  ei)dings  of  the  deep 
layer  of  root  fibers  and  neuropodium  between  this  layer  and  the 
layer  of  secondary  tracts. 
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Stannius  ('49,  p.  92)  has  shown  that  mechanical  stimula- 
tion of  the  vagal  lobe  of  the  carp  produces  movements  of  the 
intrinsic  muscles  of  the  palatal  organ.  Since  the  nucleus  am- 
biguus  of  the  cyprinoids  does  not  differ   from  that   of  other 


mot  layer 


Fig.  /J.  Portion  of  the  vagal  lobe  from  a  transverse  section  of  the  brain  oi 
Minyirema  melanops  (Raf.)  8  cm.  long.     GOLGI  method.     X  187. 

This  is  drawn  from  the  same  series  as  Fig.  10,  the  sections  being  adjacent. 
For  ease  of  orientation  the  position  of  the  neurone  marked  a  on  Fig.  10  is  desig- 
nated a  in  this  sketch.  The  large  neurone  at  the  bottom  of  the  figure  in  the 
layer  of  secondary  gustatory  tracts  sends  one  of  its  two  chief  dendrites  outward 
into  relation  with  the  arborizations  of  the  peripheral  gustatory  neurones,  the  other 
is  cut  off.  The  neurite  is  not  shown.  The  intrinsic  neurone  to  the  left  of  it  is  a 
characteristic  type  II  cell.  The  intrinsic  neurone  at  the  top  of  the  figure  is 
drawn  in  from  the  adjacent  section.  Its  neurite  enters  the  secondary  gustatory 
tract  (x.^./.) 

teleosts,  in  which  it  is  known  to  innervate  the  branchial  muscu- 
lature, it  is  extremely  probable  that  the  cells  of  the  motor  lajfcr 
of  the  vagal  lobe  give  rise  to  the  nerve  fibers  for  these  intrinsic 
muscles,  for  these  two  structures  (the  palatsU  organ  and  mot<M' 
layer  of  the  vagal  lobe)  are  always  devek^Kd  proportionatdy 
with  each  other. 
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Weigert  sections  show  very  clearly  that  fibers  of  the 
motor  roots  of  the  vagus  and  glossopharyngeus  arise  not  only 
from  the  nucleus  ambiguus  but  also  from  the.  motor  layer  of 
the  vagal  lobe,  as  has  been  well  known  since  Mayser. 

My  GoLGi  preparations  very 
rarely  show  good  impregna- 
tions either  of  the  cells  of  the 
motor  layer  or  of  the  nucleus 
ambiguus.  The  latter  have  the 
form  and  arrangement  which 
have  been  often  figured,  the 
main  dendrites  spreading  out  in 
the  substantia  reticularis  and 
reaching  the  extreme  ventro-lat- 
eral  border  of  the  oblongata. 
Other  smaller  dendrites  spread 
out  within  the  nucleus  itself  and 
the  neurite  usually  springs  from 
the  base  of  the  main  dendrite. 
The  dendrites  of  the  cells  of 
the  motor  layer  in  some  cases 
spread  out  within  this  layer, 
where  they  come  into  relation 
with  the  radial  fibers  which  enter 
it  from  the  layer  of  secondary 
neurones.  Others  reach  out  into 
the  layer  of  secondary  tracts  and 
into  the  substantia  reticularis 
(Fig  10),  in  both  of  which  places  they  reach  collaterals  froni 
the  secondary  gustatory  tracts.         ' 

It  appears  that  in  no  case  do  the  peripheral  motor  neurones 
come  into  direct  relation  with  the  peripheral  gustatory  neu- 
rones, but  at  least  one  intermediary  element  is  always  inter- 
posed. These  elements  may  be  the  intrinsic  neurones  of  the 
vagal  lobe,  for  short  reflex  arcs,  or  the  chief  secondary  gusta- 
tory neurones  for  more  complex  reflex  connections  reaching 
beyond  the  vagal  region  of  the  brain. 


Fig.  14.  Transverse  section  of  the 
vagal  lobe  of  the  right  side  of  a  young 
carp,  5   cm.   long.     Golgi  method. 

X  50. 

Illustrating  two  intrinsic  secondary 
neurones  of  the  vagal  lobe  whose 
processes  extend  inward  to  reach  the 
motor  layer,  j.^./.,  secondary  gusta- 
tory tract ;  sp,  V,  spinal  V  tract. 
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The  substantia  reticularis  is  clearly  the  chief  medium  of 
communication  between  the  sensory  and  motor  centers  for  sim- 
ple reflex  paths  here,  as  in  higher  vertebrates.  This  reticular 
substance  receives  gustatory  fibers  both  from  the  secondary 
gustatory  tracts  and  from  the  intrinsic  neurones  of  the  vagal 
lobe.  We  shall  see  beyond  that  it  also  receives  fibers  from  the 
facial  lobe. 


Fig,  /J'.  Section  through  the  right  lobus  glossopharyngei  of  a  young  carp 
8  cm.  long.     GoLGi  method.     X  40. 

The  section  is  approximately  transverse,  but  very  oblique,  so  that  the  right 
side  and  the  ventral  surface  are  much  farther  cephalad.  It  cuts  the  lobus  IX  at 
its  widest  part  and  shows  a  strand  of  the  communis  root  of  the  facialis  (a)  arch- 
ing over  its  dorsal  side  and  apparently  entering  both  this  lobe  and  the  cephalic 
part  of  the  lobus  vagi.  Terminal  arborizations  of  the  communis  root  of  the  vagus 
are  alfio  shown  ending  in  the  layer  of  secondary  neurones  of  the  Ipbus  vagi. 

(am,r,VIIy  communis  (gustatory)  root  of  the  facialis;  n,IX,mQt.,  motor  nu- 
cleus of  the  IX  nerve  ;  r,IX,mot,^  motor  root  of  the  IX  nerve;  r,IX.s,f  sensory 
root  oif  the  IX  nerve  ;  r,X,s.y  superficial  gustatory  vagus  root ;  s^J,^  secondary 
gustatory  tract ;  sp,  V,  spinal  V  tract ;   V^  ventricle. 
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Fig.  t6.  Sagittal  section 
through  the  brain  of  a  young 
carp,  5  cm.  long.  GoLGi 
method.     X  40- 

The  section  is  somewhat 
oblique,  the  caudal  end  being 
farther  mesiaL  The  terminal 
arborizations  of  the  gustatory  root  of  the  facial  nerve  are  richly  impreg- 
nated. Two  neurones  are  shown  in  the  extreme  cephalic  part  of  the  lobus  IX, 
one  of  whose  neurites  (a)  arborizes  in  the  motor  IX  nucleus.  These  neurones 
lie  in  about  the  transverse  level  indicated  in  Fig.  17  and  at  the  level  of  r.IX.sen, 
in  Fig.  18.  Their  dendrites  are  reached  by  gustatory  root  fibers  of  the  IX  nerve. 
The  neurone  marked  b  is  evidently  of  the  same  type  as  the  one  similarly  desig- 
nated in  Fig.  18.  rJat.X.y  ramus  lateralis  vagi ;  t.a.,  caudal  tip  of  tuberculum 
acusticum  ;  tr,sp»V.,  spinal  V  root. 
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Before  proceeding  with  the  description  of  the  long  second- 
ary gustatory  tracts  from  the  vagal  lobe  we  shall  describe  the 
internal  structures  of  the  glossopharyngeal  and  facial  lobes,  as 
the  long  tracts  from  all  these  centers  can  best  be  described  to- 
gether. 

Between  the  vagal  and  the  facial  lobes  of  cyprinoids  is  a 
small  tuberosity  which,  as  pointed  out  by  B.  Haller  ('96,  p. 
93  and  Fig.  12),  receives  the  glossopharyngeus  nerve.  It  may 
be  termed  the  lobus  glossopharyngei.  It  is  very  distinct  in  forms 
like  the  gold-fish,  Carassius,  whose  glossopharyngeus  nerves  are 
far  separated  from  the  vagus,  the  sensory  IX  nerve  entering  its 
dorsal  side  and  the  motor  IX  its  ventral.  It  appears  in  the 
carp  at  a  level  somewhat  cephalad  of  that  shown  in  Fig.  5 
along  the  line  of  union  of  the  vagal  and  facial  lobes.  In  this 
type  it  appears  to  receive  from  behind  some  fibers  from  the 
vagus  roots ;  at  any  rate  the  IX  and  X  roots  are  somewhat  con- 
fused in  this  region.  In  both  the  carp  and  the  gold-fish  it 
receives  from  in  front  filaments  of  the  communis  root  of  the 
facialis.  These  filaments  are  very  clearly  shown  arching  over 
the  dorsal  side  of  the  lobus  IX  in  an  oblique  Golgi  section 
(Fig.  15,  a)\  a  certain  part  of  the  facial  root  apparently  also 
reaches  the  cephalic  end  of  the  lobus  vagi.  It  would  be  inter- 
esting to  learn  whether  these  facial  fibers  which  separate  from 
the  facial  lobe  to  end  in  connection  with  gustatory  fibers  from 
the  mouth  cavity  coming  in  by  the  IX  and  X  nerves  are  derived 
from  the  palatine  and  other  facial  branches  which  also  supply 
taste  buds  within  the  mouth. 

The  lobus  glossopharyngei  has  essentially  the  same  con- 
nections as  the  lobus  vagi.  Fig.  16  gives  an  impregnation  of 
two  of  the  intrinsic  neurones  of  the  extreme  cephalic  part  of 
the  lobus  IX  in  sagittal  section  of  the  brain  of  a  young  carp. 
The  sensory  (gustatory)  fibers  of  the  IX  nerve  end  among  the 
dendrites  of  these  neurones.  The  neurone  at  the  extreme  left 
does  not  show  its  neurite,  but  the  neurite  of  the  one  marked  a 
is  shown  completely,  arborizing  in  the  motor  IX  nucleus,  thus 
completing  the  simplest  gustatory  reflex  arc  for  the  IX  nerve. 

The  structure  of  \he  facial  lobe  (tuberculum  impar,  **  lobus 
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trigemini/*  Mayser)  of  the  carp  is  considerably  simpler  than 
that  of  the  vagal  lobes.  It  is  in  general  similar  in  internal  organi- 
zation to  the  facial  lobes  of  Ameiurus,  though  its  cells  are  of 
quite  different  form  and  it  differs  externally  in  that  there  is  a 
complete  fusion  in  the  middle  line  of  the  right  and  left  lobes 
with  no  clearly  defined  external  or  internal  boundary  between 
them. 


lobo 


^*g'  ^7'  Transverse  section  through  the  facial  lobe  of  Minyirema  melanops 
(Raf.).     GoLGi  method.     X  40. 

The  sectipn  passes  through  the  cephalic  part  of  the  facial  lobe  and  includes 
the  extreme  cephalic  end  of  the  vagal  lobe  and  the  caudal  end  of  the  tuberculum 
acusticum.  It  shows  five  chief  secondary  gustatory  neurones  at  the  surface  of 
the  lobe  and  internally  at  a  an  imperfect  impregnation  of  a  cell  of  the  interme- 
diate zone  of  the  same  type  shown  in  Fig.  18,  a. 

asc.s,g.Lf  main  ascending  secondary  gustatory  tract ;  f.l.m.,  fasciculus  longi- 
tudinalis  medialis ;  r,com,VII^  communis  (gustatory)  root  of  the  facialis;  r»IX. 
mot.^  motor  root  of  the  glossopharyngeus ;  sec.  VII I ^  secondary  fibers  from  the 
tuberculum  acusticum  to  ventral  commissure ;  s.gJ,  VII,  secondary  gustatory 
tract  from  the  facial  lobe  ;  jr/.  Vy  spinal  V  tract ;  tub.ac,,  tuberculum  acusticum. 

The  center  of  the  lobe  is  filled  with  very  small  intrinsic 
netirones  arranged  in  dense  clusters  or  rosettes  of  from  10  to 
100  cells  each.    In  Fig.  5  the  clear  spaces  in  the  neuropil  of  the 
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(not  WJr. 


com.r.V// 


Fig.  i8.  Horizontal  section  through  the  base  of  the  vagal  and  facial  lobes 
of  Minytrema  melanops  (Raf.).     GoLGi  method.     X  40- 

The  section  is  slightly  oblique,  the  left  side  being  farther  ventral.  It  passes 
through  the  ventral  part  of  the  facial  and  vagal  lobes,  illustrating  a  neurone  (fl) 
of  the  intermediate  zone  of  the  facial  lobe.  The  dendrites  spread  throughout 
the  lateral  part  of  the  lobe  and  the  neurite  passes  laterally  to  enter  the  substantia 
reticularis  of  the  oblongata  (J.r.),  here  coming  into  relation  with  dendrites  of  the 
motor  VII  nucleus,  as  shown  in  the  figure,  and  with  other  .motor  nuclei.  The 
section  shows  the  position  of  the  dorsal  tip  of  the  motor  VII  nucleus 
{n.mot.  Vll.d.)  and  the  motor  VII  root  springing  from  it.  The  motor  VII  den- 
drites which  are  shown  ramifying  in  the  substantia  reticularis  {n.mot.  VII.v.) 
spring  from  cells  of  the  motor  VII  nucleus  lying  ventrally  and  laterally  of  those 
figured  and  out  of  the  plane  of  this  section.  The  neurone-  b  is  drawn  in  from 
the  section  lying  next  ventrad  in  the  same  series. 
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facial  lobe  represent  the  positions  of  some  of  the  larger  of  these 
rosettes.  Superficially  there  is  a  layer  of  chief  gustatory  neu- 
rones of  the  same  general  form  as  those  of  the  vagal  lobe  (Fig. 
17),  whose  neurite  springs  from  the  tip  of  a  dendrite  and  passes 
at  once  into  the  secondary .  gustatory  tract.  The  peripheral 
gustatory  neurones  enter  by  the  communis  root  of  the  facial 
nerve  (=  dorsal  geniculate  root  of  the  trigeminus,  Mayser  = 
portio  intermedia  of  Wrisberg  in  human  anatomy)  and  pass 
back  to  the  lobe  as  a  huge  tract  of  heavily  medullated  fibers 
close  to  the  median  line,  constituting  the  pre-vagal  portion  of 
the  fasciculus  communis  of  Osborn  (=  fasciculus  solitarius  of 
mammals).  Entering  the  lateral  border  of  the  facial  lobe,  it 
spreads  out  in  many  strands  in  the  superficial  layer  among  the 
dendrites  of  the  chief  gustatory  cells  (cf  Figs.  5,  16  and  20). 
These  endings  are  thick,  loosely  branched  arborizations  of  wide 
extent.  One  of  the  simpler  forms  of  these  endings  is  impreg- 
nated in  Fig.  18  on  the  right  side. 

There  is  no  well  defined  motor  layer  of  the  facial  lobe  cor- 
responding with  that  of  the  vagal  lobe,  but  the  ventro-lateral 
portion  along  the  line  of  attachment  to  the  oblongata  is  of  dif- 
ferent structure  from  the  rest  and  will  be  termed  the  intermedi- 
ate zone,  or  nucleus  intermedius  facialis.  It  contains  rather 
large  neurones  whose  dendrites  spread  widely  through  the  whole 
lateral  part  of  the  facial  lobe  and  whose  neurites  reach  the  sub- 
stantia reticularis  (Figs.  18,  a  and  17,  a  and  8).  Here  they 
reach  directly  the  dendrites  of  the  motor  VII  and  less  immedi- 
ately those  of  the  motor  V,  IX  and  X  nuclei.  This  is  the  main 
pathway  for  short  reflexes  from  the  facial  lobe  to  the  oblongata. 
The  absence  of  a  motor  layer  in  the  facial  lobe  which  gives  rise 
directly  to  motor  root  fibers,  like  that  in  the  vagal  lobe,  is  to 

a,  neurone  of  the  intermediate  zone;  ascs.gJ,^  main  ascending  secondary 
gustatory  tract ;  com,r,  VII,  communis  (gustatory)  root  of  the  facialis ;  f.l.m.y  fas- 
ciculus longitudinalis  medialis  ;  n.mot,  Vll.d.y  dorsal  part  of  motor  VII  nucleus ; 
n.mot.VILv.f  ventral  part  of  motor  VII  nucleus;  moLVII.r.^  motor  root  of 
facial  nerve;  r.IX.sen.,  sensory  root  of  the  IX  nerve;  r.X.mot.,  motor  root  of 
the  vagus  ;  r,X,s,,  gustatory  root  of  the  vagus ;  s.gJ.IX-^-X,  secondary  gustatory 
tract  from  X  and  IX  lobes ;  s,g,  VllJ.y  secondary  gustatory  tract  from  the  facial 
lobe ;  j.r.,  substantia  reticularis  ;  sp.  V,  spinal  V  tract. 
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be  correlated  with  the  fact  that  its  gustatory  impressions  come 
mainly  from  the  outer  skin  and  so  give  rise  to  more  general 
body  movements,  such  as  turning  and  seizing,  rather  than  to 
movements  of  the  intrinsic  musculature  of  the  palatal  organ, 
for  which  the  root  fibers  of  the  motor  layer  of  the  vagal  lobe  are 
mainly  designed.  The  substantia  reticularis  is  known  to  be 
related  not  only  to  the  cranial  motor  nuclei  of  the  branchial  or 
visceral  type,  as  mentioned  above,  but  also  to  contain  cells 
whose  neurites  reach  the  fasciculus  longitudinalis  medialis  and 
other  paths  with  somatic  motor  connections  (see  Cajal,  ^glS^ 
p.  129  and  Fig.  16),  so  that  we  have  here  a  very  direct  mechan- 
ism for  producing  the  movement  of  eye-muscles  and  trunk-mus- 
cles necessary  for  locating  and  approachinjg  a  sapid  substance 
which  has  been  perceived  by  contact  with  taste  buds  of  the 
outer  skin. 

2,     Secondary  Gustatory  Tracts^ 

The  secondary  connections  of  the  vagal,  glossopharyngeal 
and  facial  lobes  are  of  two  general  types: — (1)  short  paths,  by 
way  of  the  intrinsic  secondary  neurones  or  of  collaterals  of  the 
neurites  of  the  chief  cells,  directly  to  the  motor  layer  of  the 
vagal  lobe  and  to  the  substantia  reticularis  of  the  oblongata ; 
and  (2)  long  paths  to  regions  above  and  below  the  oblongata, 
arising  from  the  chief  gustatory  neurones.  The  connections  of 
the  first  type  are  diffuse  and  largely  unmeduUated ;  they  have 
been  briefly  described  above.  The  connections  of  the  second 
type  are  compact  well  defined  tracts  of  medullated  fibers  which 
will  be  termed  the  ascending  and  descending  secondary  gusta- 
tory tracts. 

A  word  of  further  explanation  may  be  necessary  here  in 
justification  of  the  term  gustatory  as  applied  to  these  tracts.  We 
have  seen  above  that  the  communis  roots  of  the  VII,  IX  and  X 
nerves  in  fishes  generally  contain  fibers  from  taste  buds  in  the 
mucous  membrane  of  the  mouth  or  in  the  outer  skin  and  abo 
fibers  which  end  peripherally  by  free  arborizations  unrelated  to 
any  specialized  sense  organs — undifferentiated  visceral  endings. 
In  view  of  the  fact  that  these  types  of  fibers,  so  distinct  peri- 
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pherally,  have  not  as  yet  been  clearly  separated  at  their  central 
terminations,  these  roots  must  for  the  present  retain  the  name 
"communis  system."  pending  the  time  when  they  can  be  sep- 
arated into  specialized  (gustatory)  and  unspecialized  visceral 
components.  .  With  the  secondary  pathways  and  centers,  how- 
ever, the  first  step  in  this  analysis  may  already  be  taken,  thanks 
to  the  advantages  of  the  comparative  method. 

In  forms  like  the  mammals,  where  the  gustatory  system  is 
reduced,  the  analysis  of  these  two  elements  in  the  fasciculus 
solitarius  and  its  associated  grey  and  secondary  tracts  will  prob- 
ably be  impossible  save  by  a  degeneration  method.  The  same 
applies  to  the  amphibia,  where  the  term  fasciculus  communis 
was  first  applied  to  the  homologous  structure.  In  fishes,  again, 
we  have  some  forms  with  reduced  organs  of  taste,  where  the 
problem  offers  the  same  difficulties  as  in  the  cases  cited,  and 
also  forms  with  enormous  hypertrophy  of  the  peripheral  gusta- 
tory system  with  no  appreciable  change  in  the  unspecialized 
component.  In  the  latter  cases  whatever  enlargement  of  the 
primary  and  secondary  centers  has  taken  place  may  clearly  be 
assigned  to  the  gustatory  and  not  to  the  general  visceral  sys- 
tem. This  is  the  case  presented  by  the  cyprinoid  and  siluroid 
fishes  particularly,  where  the  whole  of  the  fadal  lobe  and  its 
connections  and  the  greater  part  of  the  vagal  lobe  and  connec- 
tions have  clearly  arisen  in  response  to  the  demands  of  the 
enormous  peripheral  gustatory  system.  While  the  diffuse  con- 
nection of  these  centers  with  the  substantia  reticularis  is  known 
to  have  a  parallel  in  th^  similar  connections  of  the  fasciculus 
solitarius  of  mammals  and  therefore  doubtless  in  part  pertains 
to  the  unspecialized  visceral  component,  the  long  secondary 
paths  which  we  here  term  the  secondary  gustatory  tracts  are 
highly  developed  only  in  those  fishes  possessing  elaborate  peri- 
pheral gustatory  systems.  This  seems  to  constitute  sufficiently 
good  evidence  that  these  long  paths  are  mainly  and  perhaps 
wholly  gustatory  in  function. 

The  neurites  of  the  chief  secondary  gustatory  neurones  of 
the  vagal  and  facial  lobes,  as  we  have  seen,  pass  out  in  thick 
bundles  to  the  ventro-lateral  border  of  the  oblongata,  where  they 
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turn  to  take  a  longitudinal  course  parallel  with  and  often  almost 
completely  enclosing  the  spinal  V  tract.  This  secondary  tract 
is  largely  composed  of  small  and  feebly  medullated  fibers,  so 
that  in  Weigert  sections  it  appears  paler  than  the  spinal  V  and 
the  other  great  longitudinal  conduction  paths  of  the  oblongata. 
Part  of  its  fibers  turn  caudad  and  part  cephalad.  We  therefore 
have  descending  and  ascending  secondary  gustatory  tracts  (trac- 
tus  gustus  secundus  descendens  et  ascendens)  from  both  the 
vagal  and  facial  lobes. 

(i)     Descending  Secondary  Gustatory  Tract. 

In  the  carp,  as  shown  by  Weigert  sections  of  the  adult, 
the  descending  tracts  from  both  the  vagal  and  facial  lobes  are 
very  extensive.  From  the  facial  lobe  they  constitute  a  massive 
aggregate  of  medullated  fibers  in  the  • 'secondary  vagus  bundle" 
complex.  But  the  descending  tracts  from  the  vagal  lobe  are 
largely  unmedullated  fibers  scattered  through  the  substantia 
reticularis  grisea  of  the  oblongata. 

The  descending  secondary  facial  tract  arises,  as  in  Amei- 
urus,  chiefly  from  the  cephalic  portion  of  the  lobus  facialis.  The 
fibers  pass  ventrolateral  to  gather  in  a  compact  bundle  mesially 
and  dorsally  of  the  spinal  V  tract,  farther  caudad  enclosing  this 
tract  on  all  but  its  external  aspect  (Fig.  5,  d.s.  VII).  There  is 
no  obvious  addition  of  descending  fibers  to  this  descending  bun- 
dle in  the  region  of  the  lobus  vagi.  It  can  be  easily  distin- 
guished from  the  ascending  secondary  gustatoiy  tract  from  the 
vagal  lobe  (Fig.  5,  a,s,  X)  by  the  fact  that  the  latter  tract  is 
much  more  feebly  medullated  at  this  level. 

In  the  caudal  part  of  the  vagal  lobe  the  motor  zone  is 
greatly  thickened  as  is  also  the  substantia  reticularis  grisea, 
which  lies  ventro-laterally  of  it  and  in  intimate  relations  with 
the  layer  of  secondary  gustatory  tracts  of  the  vagal  lobe,  the 
descending  secondary  facial  tract  and  the  spinal  V  tract.  This 
whole  area  contains  descending  secondary  vagal  fibers.  These 
are  chiefly  very  fine  unmedullated  or  feebly  medullated  fibers 
passing  from  the  layer  of  secondary  gustatory  tracts  of  the  vagal 
lobe  caudad  and  mesad  through  the  substantia  reticularis  grisea 
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Fig.  ig.  Longitudinal  section  through  the  left  vagal  lobe  of  a  young  carp, 
5  cm.  long.     GoLGi  method.     X  40. 

The  section  is  approximately  horizontal,  but  strongly  inclined  so  that  the  left 
side  is  farther  dorsal.  It  shows  the  descending  secondary  gustatory  tract  [desc, 
s.gJ,)  from  the  vagal  lobe  to  the  region  of  the  nucleus  funiculi.  At  the  periph- 
ery of  the  vagal  lobe  in  the  regions  marked  by  the  crosses  there  is  a  very  rich 
impregnation  of  cells  among  which  the  secondary  fibers  arise,  Which  are  omitted 
so  as  not  to  confuse  the  drawing,  since  they  are  too  densely  impregnated  to  per- 
mit an  accurate  determination  of  their  relations  to  the  fibers.  These  cells  are 
partly  chief  secondary  neurones  like  those  of  Fig.  7,  and  partly  the  smaller  type 
as  shown  in  Fig.  11.  A  very  few  fibers  of  the  ascending  secondary  gustatory 
tract  {asc,s,gJ,)  from  the  vagal  lobe  are  shown.  This  tract  appears  voluminously 
a  few  sections  ventrad  in  the  position  indicated  by  the  arrow.  The  median  line 
is  indicated  by  the  position  of  the  left  and  right  fasciculi  longitudinales  mediales 
(/"./.  and/.r.).  The  lemniscus  on  both  the  left  (//«./.)  and  right  (Im.r.)  sides  is 
shown ;  also  the  position  of  the  funicular  nucleus  and  commissural  nucleus  of 
Cajal  {n.com.). 
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in  diflTuse  formation  to  reach  the  region  of  the  nucleus  funiculi 
and  commissura  infima  Halleri  (Figs.  19,  1 1).  The  indica- 
tions are  that  it  springs  mainly  from  the  smaller  secondary 
neurones  of  the  lobe  (cf.  Fig.  11),  though  I  have  no  conclusive 
evidence  that  the  chief  secondary  cells  do  not  also  participate  in 
its  formation. 

In  the  region  of  the  funicular  nuclei  the  substantia  reticul- 
aris grisea,  related  above  with  the  vagal  lobe,  enlarges.  This  I 
term  the  inferior  secondary  gustatory  nucleus  (nucleus  gustus  se- 
cundus  inferior).  It  receives  the  diffuse  tracts  from  the  vagal 
lobe  just  described,  and  also  the  greater  part  of  the  descending 
secondary  facialis  tract.  A  portion  of  the  latter  tract,  however, 
continues  into  the  spinal  cord  caudad  of  the  funicular  nuclei  in 
the  ventro-lateral  tracts. 

This  inferior  gustatory  nucleus  is  intimately  related  with 
the  termini  of  the  spinal  V  tract,  funicular  nuclei,  commissura 
infima  Halleri  and  commissural  nucleus  of  Cajal.  It  is  clearly 
a  coordination  center  between  gustatory  and  tactile  sensory  im- 
pressions. In  fishes  with  feebly  developed  gustatory  system  it  is 
of  insignificant  size.  Its  great  development  in  the  cyprinoids  and, 
as  we  shall  see,  in  the  siluroids  is  correlated  with  the  known  feed- 
ing habits  of  these  fishes.  It  has  been  shown  (Judson  Herrick, 
'04)  that  fishes  with  taste  buds  in  the  outer  skin  taste  with  these 
organs  and  habitually  localize  the  food  stimulus  partly  by  the 
sense  of  taste  and  partly  by  tactile  stimulation  of  the  same 
cutaneous  areas.  It  may  safely  be  inferred  that  the  descending 
secondary  gustatory  connections  of  these  fishes  are  especially 
adapted  to  serve  this  correlation  of  the  senses  of  taste  and 
touch  as  employed  in  localizing  peripheral  stimuli  in  the  search 
for  food  and  to  call  forth  the  bodily  movements  necessary  to 
seize  the  food  when  its  position  has  been  determined. 

The  detailed  description  of  these  connections  involves  the 
discussion  also  of  the  secondary  connections  of  the  general  cu- 
taneous (somatic  sensory)  system  of  neurones  and  must  be  re- 
served for  a  later  contribution. 

(2)     Ascending  Secondary  Gustatory  Tract. 

This  tract,  which  takes  the  greater  part  of  the  fibers  aris- 
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ing  from  the  chief  secondary  gustatory  neurones  of  both  the 
vagal  and  facial  lobes,  is  one  of  the  most  distinctive  features  of 
the  teleostean  brain.  In  the  two  groups  here  treated,  particu- 
larly, it  attains  enormous  dimensions,  constituting  the  **Sekun- 
dare  Vagus-Trigeminusbahn"  of  Mayser,  whose  excellent  de- 
scription ('82,  p.  318)  is  fully  confirmed.  It  is  included  in  the 
'•system  y''  of  the  descriptions  of  Goronowitsch  ('88,  and 
'96).  The  curious  notion  of  B.  Haller  ('96,  p.  92)  that  this 
is  a  descending  tract  from  the  cerebellum  and  other  higher  cer- 
ebral regions  to  the  sensory  centers  in  the  vagal  lobe  need  not 
detain  us,  for  he  gives  no  evidence  for  such  a  view.  The  com- 
mon designation  of  this  tract  as  **secondary  vagus  bundle"  is 
inadmissible,  since  in  all  fishes  it  contains  secondary  glosso- 
pharyngeus  and  facialis  fibers  also,  the  secondary  facialis  fibers 
preponderating  in  siluroids.  Moreover,  there  are  other  second- 
ary vagus  tracts  for  general  cutaneous  and  other  types  of  fibers, 
besides  the  descending  and  short  gustatory  paths  described  in 
the  preceding  section. 

The  ascending  or  central  gustatory  tract  takes  its  position 
ventrally  and  mesially  of  the  spinal  V  and  descending  secondary 
facialis  tracts  and  partly  enclosing  them  (Fig.  5,  a.s.X,),  It 
ascends  to  the  level  of  the  superficial  origin  of  the  sensory  tri- 
geminus root  from  the  oblongata,  where  it  turns  mesially  and 
dorsally  to  enter  its  own  terminal  nucleus  (superior  secondary 
gustatory  nucleus.  Fig.  20):  The  axial  portion  of  this  nucleus 
was  termed  by  Mayser  *  *Rindenknoten"  and  by  Johnston  ('01) 
secondary  vagus  nucleus.  It  is  included  in  the  "Uebergangs- 
ganglion"  of  Mayser*s  descriptions,  this  latter  group  of  cells 
being  very  complex  and  not  as  yet  fully  understood.  Its  hom- 
ologies are  considered  in  the  final  section  of  this  paper. 

It  lies  in  the  dorsal  part  of  the  isthmus  ventrally  of  the 
line  of  fusion  of  the  valvula  cerebelli  with  the  body  of  the  cere- 
bellum. Typically  it  lies  near  the  median  line  and  projects  into 
the  aquaeductus,  but  in  some  cyprinoids  it  is  so  greatly  enlarg- 
ed as  to  reach  also  to  the  lateral  surface  of  the  brain  at  the  isth- 
mus and  there  project  as  a  distinct  tuberosity  between  the  cau- 
dal end  of  the  tectum  opticum  and  the  tuberculum  acusticum 
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(Fig.  3,  lower  figure).  It  lies  cephalad,  dorsad  and  mesad  of 
the  motor  V  nucleus,  the  long  dendrites  of  some  of  whose  cells 
pierce  it  and  come  into  relations  with  some  of  the  termini  of 
the  gustatory  fibers  (Figs.  21  and  23).  The  motor  V  nucleus 
is  very  large  in  these  fishes  and  extends  far  cephalad  and  dors- 
ad in  intimate  relations  with  the  termini  of  the  secondary  gus- 
tatory tract.  The  dendrites  of  these  motor  cells  spread  out 
widely  in  every  direction  and  are  not  directed  ventro-laterad  so 
generally  as  in  the  case  of  the  motor  nuclei  of  the  VII,  IX  and 
X  nerves.  In  fact,  the  greater  part  of  them  take  the  opposite 
course,  as  figured,  into  the  caudal  part  of  the  secondary  gusta- 
tory nucleus  and  the  adjacent  substantia  reticularis  grisea. 

This  fact,  together  with  others  of  similar  import,  suggests 
the  morphological  interpretation  of  this  secondary  terminal 
nucleus ;  viz. ,  that  it  is  merely  a  specialization  from  the  sub- 
stantia reticularis.     Cajal  ('96,  p.  128)  has  confirmed  the  view 

Fig,  20.  Parasagittal  section  through  the  brain  of  the  spotted  sucker,  Mm- 
ytrema  melanops  (Raf.).     GoLGi  method.     X  12. 

The  sketch  is  designed  to  illustrate  the  course  of  the  ascending  secondary 
gustatory  tract  and  the  connections  of  its  terminal  nucleus.  The  plane  of  the 
section  is  slightly  oblique  so  that  the  caudal  end  and  the  ventral  side  are  nearer 
the  median  line  than  are  the  cephalic  and  dorsal  borders.  The  figure  is  a  com- 
posite, made  by  outlining  one  section  with  the  camera  lucida  and  filling  in  the 
details  from  this  section  and  the  three  sections  of  the  same  series  on  each  side 
immediately  adjacent,  omitting  irrelevant  detail.  The  features  introduced  are 
schematized  as  little  as  possible.  The  whole  course  of  the  ascending  secondary 
gustatory  tract  from  the  facial  lobe  is  shown.  The  origin  of  the  tract  from  the 
vagal  lobe  lies  farther  lateral. 

^.,  tract  between  secondary  gustatory  nucleus  and  n.  lateralis  valvulae  ; 
com.h.y  commissura  horizontalis,  Fritsch  ;  corner.  VII^  communis  (gustatory) 
root  of  the  facialis;  desc.sec.X^  descending  secondary  gustatory  tract  from  the  vag- 
al lobe  -yfJ.m.y  fasciculus  longitudinalis  medialis  ;  inf,lob,lat.^  lateral  lobule  of  in- 
ferior lobe  (hypoaria,  C.  L.  Herrick)  ;  inf.lob,m.y  median  lobule  of  inferior  lobe 
(mammillare,  C.  L.  Herrick)  ;  n.cort,^  nucleus  corticalis,  Fritsch  ;  n,IX,  motor 
nucleus  of  the  glossopharyngeus ;  n.lat..,  nucleus  lateralis  valvulae ;  n.roL,  nu- 
cleus rotundus,  Fritsch  ;  «.j/.,  nucleus  subthalamicus,  C.  L.  Herrick  ;  «.  K, 
motor  nucleus  of  the  trigeminus ;  n,  F//,  motor  nucleus  of  the  facialis ;  r.X.5., 
sensory  root  fibers  of  the  vagus;  sec.gustJ.^  ascending  secondary  gustatory 
tract  from  the  facial  and  vagal  lobes  ;  tr,l.b,y  tractus  lobo-bulbaris  ;  trJ-c,,  tractus 
tecto-cerebellaris ;  trj.lob.y  tractus  tecto-lobaris,  Johnston  (commissura  ventralis, 
C.  L.  Herrick).  The  area  marked  njuniculi  contains  also  the  inferior  second- 
ary gustatory  nucleus. 
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of  KoLLiKER  that  the  substantia  reticularis  alba  is  composed  of 
sensory  bundles  of  the  second  order  and  that  the  substantia 
reticularis  grisea  is  a  sensory  field  of  the  third  order,  designed 
to  distribute  sensory  excitations  from  the  V,  IX  and  X  nerves 
(and  also,  it  should  be  added,  from  the  VII  nerve)  over  a  large 


cerebellar 

tracts. 


nJateral)^ 


%ec.  gustatory  nac 


jnotor  V  hue. 


sec  ^asfatoh^  ^^^^ 
^.^c^^^^&^/r  tectO'S£)inahs 


Fig,  21.     Portion  of  a  sagittal  section  of  the  brain  of  Minytrema  nulanops 
(Raf.).     GoLGl  method.     X  40- 

The  section  is  quite  oblique,  the  cephalic  end  and  the  dorsal  side  being  inclin- 
ed toward  the  median  line.  It  passes  through  the  ascending  secondary  gustatory 
tract  at  the  point  where  it  enters  its  terminal  nucleus  under  the  cerebellum  (the 
cephalic  end  of  the  figure  being  at  the  left).  The  spinal  V  tract  {sp.V.tr.)  is 
cut  close  to  its  superficial  origin  from  the  periphery.  A  single  neurone  of  the 
most  dorsal  part  of  the  motor  V  nucleus  is  impregnated,  one  of  its  dendrites 
crossing  the  mesial  side  of  the  gustatory  tract  to  ramify  in  the  most  ventral  and 
caudal  part  of  the  layer  of  chief  tertiary  gustatory  neurones,  a  single  one  of 
which  is  impregnated.  The  tertiary  gustatory  path  does  not  lie  in  the  plane  of 
this  section  (cf.  Fig.  23). 

field  of  motor  nuclei  of  the  oblongata.  This  definition,  it  will 
be  observed,  carries  also  the  secondary  gustatory  nucleus,  save 
that  in  addition  to  direct  relations  of  the  secondary  termini  with 
the  motor  nuclei,  like  the  trigeminal  connection  just  described, 
there  is  here,  as  we  shall  see,  a  much  more  extensive  develop- 
ment of  tertiary  neurones  for  connections  of  a  higher  order  in 
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the  floor  of  the  thalamus  (central  tertiary  tract).  The  dorsal 
and  mesial  position  of  this  derivative  of  the  substantia  reticular- 
is is  easily  explained  by  the  topographic  features  of  the  isth- 
mus. Here  the  ventrolateral  region  is  occupied  by  the  great 
conduction  paths  between  the  oblongata  and  the  mid-brain — 
the  tractus  tecto-spinalis,  tractus^lobo-spinalis,  lemniscus,  etc. 
The  dorso-lateral  region  is  occupied  by  the  tuberculum  acusti- 
cum  and  its  cerebellar  connections.  The  enlarged  secondary 
gustatory  terminal  is  prevented  from  growing  caudad  by  the 
great  cerebellar  crest  and  tuberculum  acusticum.  It  must, 
therefore,  grow  upward,  inward  and  forward  into  the  optocoele. 
In  this  position  it  appears  typically  in  all  teleosts.  But  when 
still  more  enlarged,  as  in  cyprinoids,  further  growth  in  this 
direction  being  prevented  by  the  valvula  cerebelli,  which  is  also 
very  large  in  these  fishes,  it  is  forced  to  grow  outward  until  it 
appears  as  a  superficial  eminence  cephalad  of  the  tuberculum 
acusticum  and  dorsally  of  the  great  ventrolateral  conduction 
paths  just  referred  to  (Fig.  3). 

The  secondary-  gustatory  nucleus  does  not,  however,  com- 
prise the  whole  of  the  substantia  reticularis  grisea  of  this  region 
of  the  isthmus.  For  caudo-mesially  of  this  nucleus  at  the  level 
where  the  secondary  gustatory  tract  enters  it  from  the  lateral 
side  of  the  oblongata  is  another  considerable  cellular  area  which 
represents  a  less  highly  specialized  portion  of  the  same  sensory 
field.  This  also  borders  the  ventricle,  in  some  types  forming  a 
considerable  projection  into  it  from  the  lateral  wall  immediately 
caudad  and  ventrad  of  the  commissure  of  the  secondary  gusta- 
tory nuclei.  Its  anomalous  position  is  brought  about  by  the 
same  forces  which  were  discussed  above  in  connection  with  the 
secondary  gustatory  nucleus.  It  is  in  very  intimate  relation 
with  the  motor  V  nucleus  which  lies  ventro-laterally  of  it  and  it 
apparently  is  the  chief  medium  of  communication  between  the 
various  sensory  pathways  and  that  nucleus.  Its  neurones,  in 
other  words,  are  like  the  others  of  the  substantia  reticularis 
grisea  in  being  of  the  tertiary  sensory  type  and  discharging  into 
a  motor  field,  in  this  case  the  V  nerve.  It  may  therefore  be 
termed  the  substantia  reticularis  grisea  ttigemini. 
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The  position  of  this  area  of  the  carp  is  indicated  in  Fig. 
22.  It  is  reached,  as  shown  in  the  figure,  by  a  slender  branched 
process  of  one  of  the  chief  tertiary  neurones,  which  may  be  a 
dendrite,  but  more  probably  is  a  collateral  neurite,  though  it 
does  not  spring  from  the  main  neurite  («),  which  enters  the  ter- 
tiary tract  separately.  The  neurone  marked  a  lies  in  the  adja- 
cent section  and  is  drawn  enlarged  in  Fig.  25.     From  the  base 


cercbellcLr 


Fig.  22,  Section  taken  through  the  superior  secondary  gustatory  nucleus 
of  the  carp.     Golgi  method.     X40. 

The  section  is  approximately  transverse,  but  strongly  inclined  so  that  the 
dorsal  and  right  sides  are  father  caudad.  A  single  chief  tertiary  gustatory  neu- 
rone is  shown,whose  neurite  («)  enters  the  tertiary  gustatory  tract.  Its  main  den- 
drite passes  out  of  the  plane  of  the  section  (cf.  Fig.  25).  A  much  more  slender 
process  is  completely  impregnated,  running  dorsad  and  caudad  to  reach  the  sub- 
stantia reticularis  grisea  trigemini  {s.r.g.).  At  a  is  shown  the  position  of  the  neu- 
rone drawn  in  Fig.  25,  which  lies  in  the  section  adjacent  to  the  one  here  drawn. 
The  secondary  gustatory  nucleus  is  bordered  on  the  dorsal  and  mesial  sides  by 
the  fibers  of  the  tertiary  tract. 

of  its  neurite  is  given  off  a  collateral,  only  a  part  of  which  is 
shown,  which  is  probably  of  the  same  type  as  the  one  here  fig- 
ured. Contiguous  sections  of  the  same  series  show  fibers  pass- 
ing from  this  area  of  substantia  reticularis  directly  into  the  axis 
of  the  secondary  gustatory  nucleus  and  there  arborizing,  which 
probably  represent  dendrites  of  the  cells  of  the  substantia  retic- 
ularis which  are  not  impregnated. 
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These  fragmentary  data  are  sufficient  to  show  that  we  have 
in  addition  to  direct  connections  of  dendrites  of  the  motor  V 
nucleus  with  secondary  gustatory  fibers,  a  similar  but  indirect 
functional  connection  via  the  substantia  reticularis  grisea  tri- 
gemini.  The  numerous  other  connections  of  the  latter  area  need 
not  now  concern  us. 

One  of  my  Golgi  preparations  of  the  carp  shows  dendrites 
of  a  very  large  neurone  lying  in  the  vicinity  of  the  nucleus  of 
origin  of  the  IV  nerve  sending  dendritic  branches  ventrad  into 
the  region  caudad  of  the  commissura  ansulata  and  other  large 
branches  farther  caudad  and  laterad  into  the  same  portion  of  the 
secondary  gustatory  nucleus  which  is  reached  by  dendrites  of 
the  motor  V  nucleus.  The  impregnation  is  so  imperfect  that 
it  is  impossible  to  be  sure  whether  this  neurone  belongs  to  the 
motor  nuclei  of  the  eye  muscle  nerves  or  to  the  fasciculus  lon- 
gitudinalis  medialis  or  to  some  other  neighboring  structure. 

J.       Superior  Secondary  Nucleus  and  its  Connections, 

The  superior  secondary  gustatory  nucleus  presents,  broad- 
ly speaking,  the  same  general  arrangement  as  the  primary  end- 
station  in  the  vagal  and  facial  lobes.  That  is,  the  secondary 
neurones  end  in  relation  with  two  types  of  tertiary  neurones 
(i)  intrinsic  neurones,  filling  the  interior  of  the  nucleus  (**Rin- 
denknoten,"  Mayser)  and  (2)  the  chief  tertiary  neurones  in  a 
dense  layer  around  the  periphery.  The  chief  difference  between 
the  arrangement  of  the  primary  and  secondary  end-stations 
lies  in  the  fact  that  the  latter  is  connected  with  its  fellow 
of  the  opposite  side  by  a  broad  commissure,  the  com- 
missure of  the  secondary  vagus  nuclei  of  Johnston.  As 
was  recognized  by  Mayser,  this  commissure  contains 
fibers  of  at  least  two  sorts  (i)  neurites  of  the  intrinsic 
tertiary  neurones,  (2)  terminals  of  a  portion  of  the  sec- 
ondary gustatory  tract.  From  (2)  it  follows  that  the  secondary 
tracts  end  partly  on  the  same  side  and  partly  in  the  secondary 
nucleus  of  the  opposite  side,  the  former  portion  being  much  the 
larger.  The  uncrossed  portion  ends  by  free  arborizations  with- 
in the  secondary  nucleus  and  also  extensively  in  the  cortical 
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portion  among  the  chief  tertiary  cells  (Fig.  23).  The  details 
of  the  endings  of  the  crossed  fibers  I  have  not  been  able  to 
observe,  but  there  is  every  reason  to  believe  that  they  are  essen- 
tially similar. 

I  have  no  complete  impregnations  of  the  intrinsic  commissur- 
al neurones.  The  evidence  is  that  their  delicate,  feebly  medul- 
lated  neurites  gather  in  the  interior  of  the  nucleus  and  termi- 
nate after  crossing  among  the  dendrites  of  the  chief  tertiary 
neurones  of  the  opposite  side.  The  layer  of  these  chief  cells 
envelopes  the  secondary  nucleus  on  all  sides  except  where  it  is 
interrupted  by  the  secondary  and  commissural  tracts.  The 
neurites  of  these  cells  pass  directly  outward  and  become  medul- 
lated  as  they  enter  the  chief  tertiary  tract  for  the  inferior  lobe. 
Just  external  to  the  layer  of  tertiary  neurones  the  gustatory 
nucleus  is  encapsuled  by  a  dense  layer  of  heavily  medullated 
nerve  fibers.  These  are  partly  the  tertiary  fibers,  but  chiefly 
cerebellar  tracts.  The  position  of  the  secondary  gustatory  nu- 
cleus in  the  isthmus  is  such  that  the  cerebellar  penduncles,  pass- 
ing downward  from  the  cerebellum  and  valvula,  almost  entirely 
envelop  it.  It  is  this  peculiarity  which  suggested  to  M aysbr 
the  name  "Rindenknoten."  Surrounding  this  fibrous  capsule 
is  an  aggregate  of  nuclei  with  very  diverse  connections  to  which 
Ma YSER  applied  Stieda's  name,  "Uebergangsganglion." 

This  region  is  perhaps  the  most  intricate  and  difficult  of 
analysis  in  the  teleostean  brain,  as  it  contains  several  large  cen- 
ters and  numerous  important  tracts,  both  medullated  and  un- 
meduUated,  all  crowded  into  a  very  small  space.  The  dorsal 
part  of  the  isthmus  is  more  than  usually  crowded  in  these  types, 
not  only  by  these  great  gustatory  centers,  but  also  by  the  en- 
larged cerebellum  and  valvula  and  their  associated  tracts. 

The  broad  line  of  fusion  of  the  valvula  cerebelli  with  the 
torus  semicircularis  (colliculus)  is  occupied  by  a  very  dense 
mass  of  cells  and  medullated  and  unmeduUated  tracts  whose 
relations  are  only  imperfectly  shown  in  my  preparations.  The 
whole  complex,  which  lies  mesially  of  the  nucleus  lateralis  mes- 
encephali  (Edinger),  or  colliculus,  I  term  provisionally  the 
nucleus  lateralis  valvulae.     It  is,  apparently,  the  most  cephalic 
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part  of  the  "Uebergangsganglion"  of  Stieda.  This  group  of 
cells  fuses  behind  with  the  dorsal  and  cephalic  border  of  the 
secondary  gustatory  nucleus,  but  is  separated  from  it  more  or 
less  definitely  by  the  meduUated  vertical  cerebellar  tracts  which 
encapsule  the  secondary  gustatory  nucleus.  Sections  stained 
by  the  method  of  Pal  show  large  tracts  of  fine  fibers  with  ex- 


tU.L    .. 


lobus  inf. 


Fig,  2j,  Portion  of  sagittal  section  of  the  brain  of  a  young  carp,  5  cm.  long. 
GoLGi  method.     X  40- 

The  ventral  side  of  the  preparation  is  below  and  the  cephalic  end  at  the  left. 
The  section  includes  the  superior  secondary  gustatory  nucleus  ("Rindenknoten,-* 
Mayser)  and  shows  the  origin  and  course  of  the  tertiary  path  to  the  inferior  lobe. 
A  single  neurone  of  the  latter  type  is  impregnated  completely  {a)  save  for  the 
terminal  arborization.  Mingled  with  the  neurites  of  these  cells  are  those  of  the 
tract  between  the  cerebellum  and  the  inferior  lobe  (tractus  lobo-cerebellaris, 
Edinger)  .  Among  the  terminals  of  the  tertiary  tract  are  the  cells  of  origin  of 
the  tractus  lobo-bulbaris  et  spinalis  (ir.l.b.)\  l.m,^  lemniscus  ;  trjj.^  tractus  tecto- 
lobaris  ;  trJ.s.y  tractus  tecto-spinalis. 

ceedingly  delicate  medullary  sheaths  passing  dorso-ventrally 
between  the  n.  lateralis  valvulae  and  the  cerebellum  and  valvula 
(Fig.  24),  and  Golgi  sections  show  diffuse  unmeduUated  tracts 
taking  the  same  courses  (Fig.  20).  Whether  the  meduUated 
and  the  unmeduUated  fibers  spring  from  neurones  of  the  same 
type,  I  have  not  been  able  to  determine.     The  neurones  shown 
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Fig.  24.  Transection  through  the  brain  of  a  large  carp  just  cephalad  of  the 
superior  secondary  gustatory  nucleus.  Stained  by  the  method  of  Weigert-Pal. 
X  20. 

The  section  passes  through  the  most  cephalic  portion  of  the  commissure  of 
the  secondary  gustatory  nuclei,  and  illustrates  the  relations  of  the  nucleus  later- 
alis valvulae  to  this  nucleus  and  to  the  cerebellum.  The*  trochlearis  {n,lV.) 
decussates  just  cephalad  of  the  gustatory  commissure  and  in  passing  to  its  super- 
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by  the  Golgi  sections  are  like  the  cells  of  the  granular  layer  of 
the  cerebellum  and  probably  are  of  that  type,  receiving  afferent 
cerebellar  impulses  and  transmitting  them  to  the  cortex  cerebelli. 
Whether  they  receive  their  impulses  from  the  adjacent  gusta- 
tory nucleus  or  from  other  sources,  my  preparations  do  not 
show  with  certainty,  but  probably  partly  from  the  former. 

There  is  also  a  broad  unmeduUated  connection  between 
the  ventral  part  of  the  secondary  gustatory  nucleus  and  the 
cephalic  part  of  the  n.  lateralis  valvulae.  running  cephalad 
through  the  vertical  cerebellar  tracts  (designated  by  b  in  Fig. 
20).  Horizontal  sections  of  the  brain  of  Catastomus  show  nu- 
merous delicately  meduUated  fibers  runmng  between  the  whole 
cephalic  face  of  the  gustatory  nucleus  and  the  n.  lateralis  valvu- 
lae. These  connections  lend  further  support  to  the  belief  that 
the  n.  lateralis  valvulae  is  in  part  a  gustatory  intermediary  sta- 
tion for  the  cerebellum.  This  nucleus  extends  cephalad  to  the 
point  where  the  valvula  severs  connection  with  the  floor  of  the 
mesencephalon  and  here  a  large  tract  passes  between  its  cephal- 
ic end  and  the  nuclei  of  the  third  nerve  and  of  the  fasciculus 
longitudinalis  which  lie  mesially  of  it.  It  is  no  doubt  this  con- 
nection which  led  B.  Haller  to  state  ('98,  p.  522)  that  the 
"Uebergangsganglion  of  Fritsch  and  Mayser  is  an  • 'upper 
motor  oculomotorius  nucleus.'*     The  nucleus  lateralis  valvulae 

ficial  origin  become  embedded  in  the  most  cephalic  part  of  the  secondary  gusta- 
tory nucleus,  the  latter  being  represented  in  the  figure  by  the  neuropil  surround- 
ing n,IV.  Sections  immediately  caudad  show  the  gustatory  nucleus  occupying 
the  entire  space  from  near  the  median  line  to  the  lateral  surface  of  the  brain  and 
from  the  level  of  the  commissural  fibers  and  tr.  lobo-bulbaris  {tr./.d.)  up  to  the 
valvula  cerebelli. 

r^.,  c6K,cd^,yC^.,  cerebellar  tracts;  com.s.g,n.^  commissure  of  the  secondary 
gustatory  nuclei  \  fJ,m.^  fasciculus  longitudinalis  medialis;  g.IIIy  fibers  arising 
from  the  granule  cells  of  the  nucleus  lateralis  valvulae  and  passing  dorsally  into 
the  lateral  lobe  of  the  valvula  cerebelli ;  ^.j.,  tertiary  gustatory  tract  for  the 
inferior  lobe  appearing  as  oval  bundles  among  the  strands  of  the  cerebellar  tract 
ci^.\  Im.,  lemniscus  (fasciculus  lateralis);  n.IV.y  root  of  the  fourth  nerve;  n.l.m.^ 
the  extreme  caudal  end  of  the  nucleus  lateralis  mesencephali  (torus  semicircularis, 
coUiculus);  n.Lv.^  nucleus  lateralis  valvulae  ;  J.,  a  large  blood  sinus  between  the 
lateral  lobes  of  the  valvula  ;  t£ct,opt,y  tectum  opticum  ;  /r./.^.,  tractus  lobo-bulbar- 
is; tr.t.b.c.y  tractus  tecto-bulbaris  et  spinalis  cruciatus;  tr,t,b,r.y  tractus  tecto-bul- 
baris  et  spinalis  rectus. 
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has  other  connections  (with  the  substantia  reticularis  of  the 
oblongata,  optic  thalamus,  etc.)  which  I  have  not  yet  fully  work- 
ed out.  Its  homologies  are  discussed  briefly  beyond.  An- 
other part  of  the  **Uebergangsganglion"  which  serves  as  a 
gustatory  reflex  center  is  the  nucleus  already  designated  as  sub- 
stantia reticularis  grisea  trigemini.  There  remain  several  consid- 
erable collections  of  cells  in  the  "Uebergangsganglion"  which 
may  have  gustatory  functions,  but  their  discussion  would 
involve  a  more  extensive  analysis  of  the  mesencephalon  than 
we  can  here  attempt. 

A  typical  illustration  of  the  chief  tertiary  gustatory  neu- 
rones in  the  cortex  of  the  secondary  gustatory  center  of  the 
carp  is  seen  in  Fig.  25.  The  dendrite  plunges  into  th^  axial 
portion  of  the  nucleus  ("Rindenknoton/*  Mayser)  and  there 
spreads  out  widely  among  the  termini  of  the  secondary  gusta- 
tory fibers  (cf  Figs  22,  23).  The  neurite  passes  downward  to 
enter  at  once  the  tertiary  gustatory  tract  for  the  inferior  lobe  of 
the  same  side,  where  it  takes  up  a  dense  medullary  sheath  and 
so  is  rarely  completely  impregnated  in  Golgi  preparations. 
These  meduUated  fibers  mingle  immediately  with  similar  ones 
of  the  cerebellar  tracts  (lobo-cerebellaris  and  others)  which  en- 
capsule  the  secondary  nucleus  and  which  likewise  pass  into  the 
inferior  lobe,  so  that  I  have  found  it  impossible  in  Weigert 
sections  to  effect  the  separation  of  the  two  classes  of  fibers 
except  at  the  origin  of  the  tertiary  gustatory  tract  from  its  nu- 
cleus. I  have,  fortunately,  secured  a  sufficient  number  of  com- 
plete Golgi  impregnations  to  show  the  origin  of  the  tract  with- 
out uncertainty.  Its  entire  extent  save  the  terminal  arboriza- 
tion is  shown  in   Fig.  23. 

The  combined  tract  passes  ventrad  and  somewhat  cephalad 
to  enter  the  caudal  border  of  the  inferior  lobe  and  spread 
throughout  the  whole  of  the  lateral  lobule  of  this  organ.  Wheth- 
er any  of  these  fibers  reach  the  median  lobule  my  preparations 
do  not  definitely  determine,  but  apparently  not.  (The  terms 
lateral  and  median  lobules  are  used  in  the  sense  defined  by 
David  ('92).  The  lateral  lobules  are  the  hypoaria  and  the 
median  lobules  the  mammillary  bodies  of  C.  L.  Herrick  ('92) ). 
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The  terminal  arborizations  of  this  tract  in  the  inferior  lobe  of 
Ameiurus  shown  in  Fig.  37  probably  belong  to  the  gustatory 
component. 

The  tractus  lobo-bulbaris  arises  from  the  whole  of  the  lateral 
lobule  of  the  inferior  lobe  and  its  fibers  mingle  with  those  of 
the  tertiary  gustatory  tract,  the  two  tracts,  however,  being  well 
separated  where  they  leave  the  lobe  (Fig.  20,  23).  The  trac- 
tus lobo-bulbaris  is  the  main  path  for  descending  impulses  from 
the  inferior  lobe  (gustatory  and  other  reflexes)  and  was  termed 
in  Mayser's  descriptions  ('82,   p.  319)    -'Nervenfaserbahn  ;tr." 


3ffc  gustatory  nuc. 


neunts 


tcrt/ary 
gu6tQtor\f  tr 

Fig,  2j.  One  of  the  chief  tertiary  neurones  of  the  superior  secondary  gusta- 
tory nucleus  of  a  young  carp.     GoLGl  method.     X  187. 

For  the  relations  of  this  neurone  to  the  surrounding  structures,  cf.  Fig.  22, 
which  is  drawn  from  the  section  next  caudad.  The  dendrites  spread  out  in  the 
mesial  part  of  the  secondary  gustatory  nucleus.  The  neurite  at  once  enters  the 
tertiary  gustatory  tract  f<5r  the  inferior  lobe  and  either  passes  out  of  the  plane  of 
the  section  or  becomes  medullated  and  so  fails  to  impregnate. 

The  fact  that  it  is  larger  (as  mentioned  by  Mayser)  in  cyprin- 
oids  and  the  peculiarities  of  its  course  in  the  oblongata  make  it 
probable  that  it  is  the  chief  motor  return  path  for  the  higher 
gustatory  reflexes.  This  of  course  is  not  its  only  function,  for 
it  clearly  serves  as  the  chief  path  for  all  descending  impulses 
from  the  inferior  lobe  to  the  oblongata  and  cord,  and  therefore 
carries  olfactory  and  other  reflex  impulses  in  addition  to  gusta- 
tory. 
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The  course  of  the  tractus  lobo-bulbaris  as  it  leaves  the  in- 
ferior lobe  is  clearly  shown  in  some  of  my  Golgi  preparations. 
In  Weigert  sections  this  tract  is  so  confused  at  its  origin  with 
the  fibers  of  the  tractus  lobo-cerebellaris  and  tertiary  gustatory 
path  that  it  cannot  be  clearly  distinguished  at  first.  Its  fibers 
throughout  their  course  are  very  fine  and  feebly  medullated. 
The  tract  passes  up  from  the  inferior  lobe  and  arches  around 
the  ansulate  commissure  to  turn  caudad  along  the  inner  border 
of  the  lemniscus.  Upon  reaching  the  level  of  the  secondary 
gustatory  nucleus  it  turns  laterad  over  the  dorsal  surface  of  the 
lemniscus  (Fig.  24)  and  takes  up  a  position  ventrally  of  the 
secondary  gustatory  nucleus  (Fig.  20,  trJ.b.),  Farther  back  it 
becomes  partially  enveloped  by  the  ascending  fibers  of  the  sec- 
ondary gustatory  tract.  The  latter  tract  in  cross  section  is  cres- 
cent-shaped and  the  concavity  of  the  crescent,  which  faces  in- 
ward, is  occupied  by  the  descending  fibers  of  the  tractus  lobo- 
bulbaris.  This  tract  is  thus  placed  along  the  dorso-lateral 
border  of  the  substantia  reticularis,  which,  as  we  have  seen,  is 
the  chief  avenue  of  communication  with  the  motor  nuclei  of  the 
oblongata.  The  tractus  lobo-bulbaris  diminishes  caudad,  break- 
ing up  in  the  substantia  reticularis  and  so  puts  the  gustatory 
center  in  the  inferior  lobe  into  relation  with  the  peripheral  mus- 
culature. It  doubtless  extends  into  the  spinal  cord,  but  it  is 
impossible  to  distinguish  its  fibers  from  the  others  in  the  sub- 
stantia reticularis  alba  farther  back  than  the  vagal  lobes. 

Section  IV.     The  Central  Gustatory  System  of  Siluroid 

Fishes. 

As  we  have  seen  above,  the  anatomy  and  physiology  of 
the  peripheral  gustatory  system  of  the  cat  fishes,  or  horned 
pouts,  is  now  well  known.  The  cutaneous  portion  of  the  sys- 
tem is  here  hypertrophied,  while  the  buccal  portion  is  about  as 
in  other  fishes.  This  is  the  explanation  of  the  fact  that  the  cat 
fishes  possess  enlarged  facial  lobes,  while  the  vagal  lobes  are  of 
the  typical  teleostean  form.  We  shall  now  proceed  to  a  descrip- 
tion of  the  internal  anatomy  and  secondary  connections  of  these 
structures  in  Ameiurus  and  closely  related  species.     The  matcr- 
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iai  consists  of  serial  sections  of  ten  adult  brains  cut  in  the  three 
conventional  planes  and  stained  with  Delafield's  haematoxylin 
and  by  the  methods  of  Weigert  and  Weigert-Pal,  together 
with  serial  sections  of  about  100  younger  brains  prepared  by 
the  method  of  Golgi  and  cut  in  various  planes. 

The  vagal  lobe  of  the  cat  fish  is  essentially  similar  to  that 
of  most  other  teleosts.  The  general  relations  as  seen  in  tran- 
sections stained  by  Delafield's  haematoxylin  are  shown  in 
Fig.  26.     The  lobe  is  crowded  with  numerous  small  nerve  cells, 


dors.  sec.  neurones 
intrinsic  neurones 
superflc.  root  of  X 
lat.  sec.  neurones 
deep  root  of  X 

nuc  intermedius  X 
spinal  V  tract 
desc.  sec.  VII  tract 
asc.  sec.  gust,  tract 
motor  root  of  X 

ventral  cornu 


Fig,  26.     Transverse  section  through  the  vagal  lobes  of  a  large  adult  of 
Ictalurtis punctatus  (Raf.).     Drawn  from  a  haematoxylin  preparation.     Xi6. 

/./.!».,  fasciculus  longitudinalis   medialis;  n.amd.y  nucleus  ambiguus;  J.r.^., 
substantia  reticularis  grisea. 

which  take  up  a  very  pale  stain  in  haematoxylin.  Most  of 
these  intrinsic  cells  are  neurones  of  Golgi's  type  II,  whose 
processes  do  not  extend  beyond  the  lobe.  Along  the  dorsal 
and  lateral  borders  of  the  lobe  is  a  layer  containing  larger 
cells  whose  nuclei  stain  very  little  in  haematoxylin  and  whose 
cytoplasm  practically  not  at  all.  The  axones  of  these  cells  con- 
stitute the  chief  sensory  conduction  paths  from  the  vagal  lobe 
to  other  parts  of  the  brain,   and  I  shall  term  them  the  dorsal 
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and  lateral  chief  secondary  gustatory  neurones.  Deeply  embed- 
ded in  the  substance  of  the  medulla  oblongata  ventrally  of  the 
main  body  of  the  vagal  lobe  is  an  area  filled  with  cells  some- 
what larger  than  the  intrinsic  neurones  but  much  smaller  than 
the  chief  secondary  neurones,  which  may  be  termed  intermedi- 


Fig.  27,  Three  intrinsic  neurones  of  type  II  from  the  left  vagal  lobe  of 
Anteiurus  mbulosus.     From  a  GoLGi  preparation.     X  60. 

The  secondary  communis  tract(j.^./.)which  appears  to  arise  among  these  cells, 
in  reality  springs  from  cells  lying  farther  dorsally  which  are  not  impregnated  in 
this  preparation.  Superficial  root  fibers  of  the  vagus  are  impregnated  at  the  bor- 
der of  the  vagal  lobe,     sp,  K.,  spinal  V  tract ;  K,  ventricle. 

ary  neurones  (nucleus  intermedius  vagi).  Their  neurites  enter 
the  substantia  reticularis  and  other  conduction  pathways  be- 
tween the  sensory  and  motor  nuclei.  Ventrally  of  the  vagal  lobe 
and  not  properly  to  be  considered  a  part  of  it  is  the  nucleus 
ambiguus,  close  to  the  median  line  in  the  floor  of  the  fourth 
ventricle.  The  communis  roots  of  the  IX  and  X  nerves  enter 
the  lobe  at  its  ventro-lateral  border,  some  descending  along  the 
lateral  aspect  of  the  oblongata  to  the  region  of  the  commissura 
infima  Halleri,  forming  the  descending  communis  root  of  the 
vagus,  others  passing  directly  inward  under  the  lobe  to  termin- 
ate in  the  lobe  along  its  inner  or  ventricular  border,  forming  the 
deep  communis  roots  of  the  vagus  and  glossopharyngeus,  while 
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the  main  portion  of  the  root  fibers  turn  dorsally  along  the  outer 
aspect  of  the  vagal  lobe  to  form  the  superficial  communis  roots 
of  these  nerves. 

Communis  root  fibers,  presumably  bearing  both  general 
visceral  and  gustatory  impulses,  arborize  freely  in  the  entire 
inner,  dorsal  and  lateral  surfaces  of  the  vagal  lobe,  some  arbor- 


Fig,  28.  An  intrinsic  neurone  of  the  right  vagal  lobe  of  Ameiurus  nebulosus 
seen  in  cross  section.  The  cell  body  lies  near  the  mesial  border  of  the  right  vag- 
al lobe  and  the  neurite  is  directed  laterally  through  the  middle  of  the  lobe.  From 
a  GoLGi  preparation.     X6o. 

d.X.y  deep  root  of  the  vagus ;  s.g.t.^  secondary  gustatory  tract ;  sp.  K,  spinal 
V  tract ;  s,X.y  superficial  sensory  root  of  the  vagus ;  K,  ventricle. 

izations  also  occurring  in  the  center  of  the  lobe.  Impulses 
from  the  latter  are  taken  up  by  the  intrinsic  cells  and  diffused 
throughout  the  entire  lobe.  For  the  forms  of  these  cells  see 
Figs.  27,  28,  29,  30,  34.  It  may  be  conjectured  that  these 
cells  receive  mainly  the  unspecialized  visceral  root  fibers,  since 
the  gustatory  fibers  are  here,  as  in  cyprinoids,  almost  certainly 
related  chiefly  to  the  superficial  groups  of  secondary  neurones. 
Type  II  cells  are  abundant  in  elasmobranchs  (Houser,  *oi), 
whose  taste  buds  are  few  and  confined  to  the  mouth,  but  were 
not  demonstratable  in  any  of  Johnston's  Golgi  preparations  of 
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Petromyzon  ('02),  though  the  secondary  neurones  of  type  I 
were  found  about  as  in  teleosts.  It  Petromyzon,  it  is  interest- 
ing to  note  in  this  connection,  the  cutaneous  terminal  bud  sys- 
tem is  well  developed. 


Fig.  2g.  Transverse  section  through  the  vagal  lobes  of  AmHurusnebuIcsus 
illustrating  a  type  II  cell  within  the  vagal  lobe  similar  to  those  in  Figs.  27  and 
28 ;  also  two  other  small  cells  at  the  ventral  angle  of  the  fourth  ventricle,  whose 
neurites  terminates  among  the  intermediary  neurones  of  the  same  and  opposite 
side.  One  of  the  latter  cells  is  impregnated  ;  also  a  ventral  horn  cell  on  the  left 
side.  Two  supporting  fibers  of  the  neuroglia  system  are  shown  on  the  right  side. 
GoLGi  method.     X  50. 

l.m.f  lemniscus;  s.g.t,,  secondary  gustatory  tracts;  sp.V,,  spinal  V  tract; 
v.,  ventricle. 

The  root  fibers  which  eqd  on  the  surface  of  the  vagal  lobe 
spread  out  in  very  wide  arborizations  (Figs.  30  and  31).  These 
are  most  densely  massed  in  two  regions  in  intimate  relation  with 
the  two  groups  of  chief  secondary  neurones  already  referred  to 
as  the  dorsal  and  lateral  secondary  gustatory  neurones  (Fig.  26). 
The  general  relations  of  the  two  groups  of  superficial  secondary 
neurones  are  indicated  in  Fig.  31,  where  a  dense  neuropil  richly 
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impregnated  indicates  the  positions  of.  these  two  chief  centers 
of  secondary  connection  for  gustatory  root  fibers. 

S. 


Fig,  JO,  Transverse  section  through  the  vagal  lobes  of  Ameturus  nebulosus, 
GoLGi  method.     x6o. 

On  the  left  side  is  shown  a  gustatory  neurone  of  the  dorsal  secondary  group 
(j.^.w.),  whose  neurite  enters  the  secondary  gustatory  tract  [s.g.t.).  The  prepar- 
ation shows  one  of  the  intrinsic  neurones  of  the  vagal  lobe  {in.)^  also  several  cells 
of  the  nucleus  ambiguus.  On  the  right  side  are  seen  some  of  the  simpler  termin- 
tions  of  the  communis  root  of  the  vagus. 

The  dorsal  portion  of  the  superficial  roots  of  the  vagus  and 
glossopharyngeus  is  the  most  important  member  of  the  com- 
plex. Its  fibers  arborize  intimately  intertwined  with  the  thick 
thorny  dendrites  of  the  dorsal  secondary  neurones  (Figs.  30, 
31,  32).  These  are  very  highly  differentiated  cells  whose  neu- 
rites  arise  from  the  cell  body  and  constitute  the  secondary  gus- 
tatory tract,   or  central  gustatory  path.     Their  dendrites  are 
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lateral    sec,  n. 


Fig.  J/.  Transverse  section  through  the  cephalic  part  of  the  vagal  lobes  of 
Ameiurus  nebulosus.     From  c^  GoLGl  preparation.     X  90. 

It  illustrates  the  general  relations  of  the  termini  of  the  gustatory  fibers  of  the 
vagus.  Dorsally  these  root  fibers  form  dense  arborizations  about  cells  of  the  dor- 
sal secondary  group  of  the  vagal  lobe  {dorsal  seen.)  ^  and  ventrally  about  cells  of 
the  lateral  secondary  group  {lateral seen.).  From  the  dorsal  g^^oup  neurites  pass 
downward  and  outward  into  the  secondary  gustatory  tract  {s.g.t,)\  from  the  later- 
al group  neurites  pass  to  the  opposite  side  through  the  ventral  commissiUre  (cf. 
Fig.  33). 
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very  thick,  thorny  and  much  branched,  interlacing  with  the  root 
fibers  to  form  a  very  dense  neuropil  in  the  most  superficial  lay- 
er of  the  vagal  lobe. 


J^i£^.  J2.  Transverse  section  through  the  vagal  lobe  of  Affuiurus  mdu/osus, 
illustrating  a  secondary  gustatory  neurone  similar  to  that  shown  in  Fig.  30. 
GOLGI  method.     X  60, 

As  the  figures  show,  they  are  very  unlike  the  correspond- 
ing cells  of  the  vagal  lobe  of  the  larger  cyprinoid  fishes,  whose 
minute  cell  bodies  are  closely  crowded  around  the  periphery 
with  the  bushy  dendrites  thrust  directly  inward  and  giving  off 
at  the  apex  the  neurite.  These  cells  are  exceedingly  numerous 
in  the  carp  and  relatively  few  in  the  cat  fish,  and  this  fact  doubt- 
less explains  the  difference  in  form.  Probably  neither  type  is 
very  near  the  primitive  form.  Johnston  figures  in  his  Petro- 
myzon  paper  (*02,  Figs.  7  and  21)  chief  cells  of  the  vagal  lobe  of 
Lampetra  whose  cell  bodies  lie  close  to  the  ventricle  and  give 
off  the  neurite  directly,  while  the  busy  dendrite  is  directed  to- 
ward the  periphery.  Houser  ('oi)  unfortunately  secured  no 
impregnations  of  the  chief  gustatory  cells  of  the  shark,  his  prep- 
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arations  showing  only  the  intrinsic  type  II  cells.  In  Acipenser 
Johnston  ('oi)  finds  these  cells  similar  to  my  impregnations  of 
the  cyprinoids,  but  much  simpler. 


Fig.  jj.  Portion  of  a  transverse  section  through  the  oblongata  of  Amounts 
tubulosus  in   the  cephalic  part  of  the  vagal  lobe.     From  a  GoLGl  preparation. 

X  90. 

The  section  illustrates  terminal  arborizations  of  the  most  cephalic  fibers  of 
the  gustatory  root  of  the  vagus  among  the  dendrites  of  the  neurones  of  the  later-* 
al  secondary  group  and  the  course  of  the  neurites  from  the  latter  through  the 
raph^  toward  the  substantia  reticularis  of  the  opposite  side,  a.s.gj,^  ascending 
secondary  gustatory  tract  from  vagal  lobe  ;  d.s.g.t.^  descending  secondary  gusta- 
tory tract  from  facial  lobe ;  sp,  y.,  spinal  V  tract. 
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The  neurites  from  the  cells  of  the  lateral  secondary  gustato- 
ry nucleus  are  in  the  main  directed  across  the  raphe  through  the 
ventral  commissure  to  reach  the  substantia  reticularis  gfrisea  of 
the  opposite  side  of  the  oblongata  (Figs.  31,  33).  Here  they 
may  come  into  relation  with  the  dendrites  of  the  nucleus  am- 
biguus  and  other  motor  nuclei.  They  are  to  be  regarded  as 
direct  reflex  paths,  differing  from  those  provided  by  the  inter- 
mediary neurones  in  that  there  is  no  type  II  cell  interpolated 
between  the  root  fiber  and  the  tract  neurone.  Since  this  ar- 
rangement prevails  also  for  the  main  ascending  gustatory  path, 
it  is  probable  that  this  is  the  path  of  direct  motor  reflexes  ex- 
cited by  the  gustatory  communis  root  fibers  ratlier  than  by  the 
unspecialized  visceral  element. 

The  dorsal  and  lateral  groups  of  chief  secondary  neurones 
receive  by  far  the  greater  part  of  the  vagal  communis  root 
fibers,  and  since  most  of  these  root  fibers  are  gustatory  in  func- 
tion, we  may  infer  with  great  confidence  that  the  more  lateral 
group  of  secondary  Tieurones  is  the  chief  path  for  direct  gusta- 
tory reflexes  in  the  medulla  oblongata  and  spinal  cord,  while 
the  more  dorsal  group  is  the  main  ascending  or  central  gusta- 
tory path. 

Neurites  from  the  dorsal  group  of  secondary  neurones  pass 
through  the  middle  of  the  vagal  lobe  in  slender  compact  bun- 
dles, directed  downward  and  outward  to  a  position  ventrally  of 
the  spinal  V  tract.  Here  they  turn  and  take  a  longitudinal 
direction,  most  turning  cephalad  and  constituting  the  ascending 
secondary  gustatory  tract  ("sekundare  Vagusbahn,"  Mayser), 
but  some  caudad.  The  latter  are  derived  chiefly  from  the  more 
lateral  part  of  the  vagal  lobe  and  more  probably  should  be  rele- 
grated  to  the  cells  of  the  more  lateral  group  of  neurones.  The 
relations  of  the  ascending  fibers  from  the  vagal  lobe  and  both 
the  ascending  and  the  descending  fibers  from  the  facial  lobe  are 
indicated  in  Fig.  37. 

The  relations  of  the  cells  of  the  intermediary  nucleus  of 
the  vagal  lobe  are  not  very  clearly  brought  out  in  my  prepara- 
tions. Figs.  29  and  34  show  their  dendrites  in  relation  with 
the  neurites  of  type  II  cells  of  the  vagal  lobe.     Some  prepara- 
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tions  suggest  that  the  neurites  of  these  cells  end  in  relation  with 
cells  of  the  nucleus  ambiguus.  Other  preparations  show  their 
neurites  extending  out  into  the  substantia  reticularis  (right  side 
of  Fig.  34),  and  still  others  show  their  neurites  passing  into  the 
decussating  tract  for  the  ventral  commissure,  probably  for  the 


Fig,  ^4,  Transection  through  the  vagal  lobes  of  Ameiurus  melas,  GoLGi 
method.     X  50. 

The  figure  shows  on  the  left  an  intrinsic  neurone  whose  neurite  (of  type  II) 
arborizes  in  the  nucleus  intermedins.  One  neurone  of  the  latter  nucleus  is  im- 
pregnated, though  only  the  proximal  part  of  the  neurite  is  shown.  On  the  oppo- 
site side  similar  neurites  are  seen  to  enter  the  substantia  reticularis  grisea  and  the 
tract  for  the  ventral  commissure. 

substantia  reticularis  of  the  opposite  side.   Completely  impr^- 
nated  neurones  of  the  latter  type  are  figured  by  van  Gehuch- 
TEN  ('94,  Plate  I,  Fig.  13)  for  the  trout     Some  of  these  ncu-: 
rites  reach  the  level  of  the  commissura  infima  Hsdleri  and  arbofr 
ize  among  the  cells  of  the  commissural  nucleus  of  Cajal.     In 
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this  way  are  provided  extensive  pathways  for  vagps  reflexes 
both  of  the  gustatory  and  unspecialized  visceral  type.  This 
layer  of  intermediary  neurones  extends  caudad  from  the  vagal 
lobes  directly  into  the  commissural  nucleus  and  the  latter  is 
probably  in  part  a  differentiation  from  it.  The  motor  layer  of 
the  vagal  lobe  of  cyprinoids  occupies  the  position  correspond- 
ing to  these  intermediary  neurones,  but  the  structures  are  not 
exactly  equivalent.  These  cells  are  probably  represented  in 
the  carp  by  intrinsic  neurones  which  send  their  neurites  into 
the  substantia  reticularis.  I  have  no  preparations  of  Ameiurus 
showing  motor  root  fibers  springing  from  this  nucleus,  such  as 
arise  from  the  motor  layer  of  the  vagal  lobe  of  the  carp.  Here, 
as  in  the  cyprinoids,  there  is  no  direct  path  between  the  termi- 
ni of  the  primary  gustatory  root  fibers  and  the  motor  nuclei  of 
the  oblongata.  The  most  direct  return  reflex  path  is  by  way 
of  the  nucleus  ambiguus  whose  neurites  pass  directly  out  to  the 
striated  branchfal  musculature.  But  the  dendrites  of  these  cells 
in  no  case  come  into  relation  with  the  termini  of  sensory  root 
fibers.  On  the  other  hand,  they  ramify  in  the  substantia  retic- 
ularis (Fig.  30)  and  at  least  one  neurone  is  always  intercallated 
between  them  and  the  sensory  root  fibers.  A  similar  relation 
prevails  for  the  connections  with  the  other  motor  nuclei. 

The  facial  lodes  of  Ameiurus  are  considerably  larger  than 
the  vagal  lobes  and  each  is  incompletely  divided  into  mesial 
and  lateral  lobules  by  a  shallow  fissure.  Both  lobules  receive  * 
the  terminals  of  the  very  large  communis  root  of  the  facial 
nerve,  this  root  entering  the  lobus  from  in  front  at  its  ventro- 
lateral border  and  spreading  out  in  many  strands  which  pass 
upward  through  the  lobe  to  reach  its  exposed  surfaces.  The 
internal  structure  is  in  general  similar  to  that  of  the  vagal  lobes. 
There  are  numerous  very  small  intrinsic  neurones  and  larger 
secondary  neurones  bordering  the  surface,  which  differ  some- 
what in  form  from  those  of  the  vagal  lobe. 

Fig.  35  shows  some  of  the  simpler  types  of  endings  of  the 
root  fibers.  The  interior  of  the  lobe  in  occupied  by  intrinsic 
neurones  of  type  II  which  are  similar  to  those  of  the  vagal  lobe 
(Fig.  35  in,).     The  secondary  connections  are  likewise  essen- 
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tially  similar.  The  large  tract  of  descending  neurites  shown  in 
Fig.  37  passing  from  the  facial  lobe  arises  from  the  lateral  part 
of  the  lobe,  while  the  ascending  secondary  tract,  or  central  gus- 
to tory  path,  takes  its  origin  from  the  more  mesial  portion  of  the 
dorsal  surface.  These  chief  gustatory  neurones  of  the  facial 
lobe  are  like  those  of  the  vagal  lobe  in  staining  reaction,  posi- 
tion and  general  relations.  They  are,  hbwever,  smaller  with 
more  slender  dendrites.     One  of  them  is  shown  in  the  dorsal 

dorsal  sec. neurone 


facial 
lobe 


Fig,  3^,  Portion  of  a  transection  though  the  cephalic  end  of  the  right  facial 
lobe  of  Ameiurus  nebulosus,     GoLGi  method.     X  6o.  , 

The  communis  (gustatory)  root  of  the  facialis  (com,r.  VII^  enters  from  be- 
low. Dorsally  is  a  single  impregnated  chief  secondary  neurone  whose  neurite 
enters  the  secondary  gustatory  tract  {s.g.t.)t  and  below  it  is  an  intrinsic  neurone 
of  type  II  (in.). 
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part  of  Fig.  35  and  another  as  seen  from  above  in  horizontal 
section  in  Fig.  36.  Ventro-mesially  of  the  facial  lobe,  espe- 
cially its  caudal  part,  is  a  region  of  sparse  ceHs  which  extends 
caudad  to  join  the  intermediate  nucleus  of  the  vagal  lobe.  It 
will  be  termed  the  intermediate  nucleus  of  the  facial  lobe  and  id 
strictly  comparable  with  the  corresponding  region  of  cyprinoids. 


Fig,  j6.  A  secondary  neurone  of  the  dorsal  part  of  the  facial  lobe  of  Amei- 
urus  as  seen  from  above.     Golgi  method.     X  500. 

Drawn  from  a  horizontal  longitudinal  section  passing  through  the  extreme 
dorsal  part  of-  the  facial  lobe.  The  neurite  extends  ventrally  at  right  angles  to 
the  plane  of  the  section  (cf.  Fig.  35)  and  hence  of  course  does  not  appear  in  this 
preparation. 

The  greater  part  of  the  chief  gustatory  neurones  of  the 
vagal  and  facial  lobes,  as  we  have  seen,  send  their  neurites  into 
the  ascending  secondary  gustatory  tract,  or  central  gustatory 
path  (secondary  vagus  bundle  of  Mayser).  This  ascending 
tract  terminates  in  the  secondary  gustatory  nuclei  under  the 
cerebellum,  partly  on  the  same  side  and  in  smaller  numbers  on 
the  opposite  side.  These  nuclei  lie  in  the  isthmus  close  under 
the  cerebellum  at  the  point  where  the  body  of  this  organ  is 
joined  by  the  valvula  cerebelli.     The  two  nuclei  are  connected 
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by  a  broad  dorsal  commissure,  above  which  is  a  commissure  of 
the  acu^corlateralis  centers  lying  under  the  lateral  extensions 
of  the  cerebellum.  They  are  enveloped  on  all  sides  by  tracts 
of  fibers  running  vertically  between  the  cerebellum  and  the  re- 
gions in  the  brain  stem  below  and  cephalad  of  the  nuclei,  the 
cerebellar  tracts  forming  a  sort  of  capsule  around  the  g^ey  nu- 
clei, these  relations  being  the  same  as  already  described  for 
cyprinoids.  The  relations  of  this  nucleus  and  its  tracts  are 
shown  in  Fig.  37. 

The  intrinsic  neurones  of  these  nuclei  are  rarely  well  im- 
pregnated in  my  GoLGi  preparations.  The  fibers  of  the  cen- 
tral gustatory  path  end  for  the  most  part  in  free  arborizations 
among  these  cells  without  crossing.  But  some  of  the  tract 
fibers  are  clearly  seen  to  cross  to  the  opposite  nucleus  through 
the  commissure  of  the  secondary  gustatory  nuclei,  as  Mayser 
has  stated. 

The  tertiary  tract  arises  from  the  chief  cells  in  the  cortical 
portions  of  the   nucleus.     These  are   frequently  impregnated 

Fig.  J7.  A  parasagittal  section  taken  through  the  brain  of  Ameturus  mbu- 
losus  so  cut  as  to  pass  through  about  the  middle  of  one  vagal  and  one  facial  lobe 
and  the  lateral  part  of  the  cerebellum  (cf.  Figs.  5  and  20) .  Drawn  from  a  single 
GoLGi  preparation.     X  45- 

The  section  shows  nearly  the  whole  course  of  the  central  gustatory  path 
{sec. gust. i,)^  composed  of  neurites  of  the  chief  secondary  gustatory  neurones  of 
the  vagal  and  facial  lobes  which  terminate  in  the  secondary  gustatory  nucleus 
(s.g.n.)  under  the  cerebellum.  The  origiji  of  the  facial  portion  of  the  descend- 
ing secondary  gustatory  tract  {desc.sec.  VII.)  is  seen  in  the  facial  lobe.  In  the 
facial  lobe  there  is  also  seen  a  portion  of  the  lateral  part  of  the  communis  root  of 
the  facial  nerve  {com,  VII)  passing  up  to  arborize  within  the  lobe.  The  neurones 
of  the  vagal  and  facial  lobes,  which  were  richly  impregnated  in  the  preparation, 
are  omitted  from  the  drawing  for  the  sake  of  simplicity.  Alon^  the  cephalic 
border  of  the  secondary  gustatory  nucleus  is  the  beginniiigf  of  the  secondary  gus- 
tatory commissure  [s.g.c.).'  The  origin  of  the  tertiary  gustatory  tract  from  the 
secondary  nucleus  is  not  shown,  but  the  terminations  of  these  fibers  {gust.j)  are 
illustrated  in  the  inferibr  lobe. 

Bundles  of  fibers  from  the  tiiberculum  acusticum  are  seen  under  the  facial 
lobe,  where  they  decussate,  and  their  termini  in  the  nucleus  lateralis  mesenceph- 
ali  (torus, semicirculari^  or  colliculus)  are  also  shown  [sec. VIII).  Un.der  the  cer- 
ebellum  are  the  cerebellar  tracts  which  envelop  the  secondary  gustatory  nucleus 
{c).  Granules  of  the  cerebellum  are  marked ^r.;  those  of  the  valvula,  g.  The 
bodies  of  the  Purkinje  <iells'of  the  cerebellum  are  indicated  by  dotted' outlines. 
nuc.com-,,  is  (ihe  commissural  nucleus  of  Cajal.      •     .    , 
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and  arc  of  the  same  type  as  in  cyprinoids.  Their  neurites, 
mingling  with  the  tractus  lobo-cerebellaris,  pass  down  to  end  in 
the  inferior  lobe  of  the  same  side,  essentially  as  already  describ- 
ed for  the  carp.  The  ventril  portion  of  this  tract  and  its  ter- 
minal arborizations  are  seen  in  Fig.  37. 

The  return  path  in  the  oblongata  by  way  of  the  tractus 
lobo-bulbaris  is  also  essentially  as  described  for  the  carp. 

Section  V.     Summary  and  General  Conclusions. 

In  this  section  a  brief  summary  of  the  facts  as  described  in 
the  preceding  pages  is  followed  by  a  discussion  of  some  of  the 
morphological  considerations  growing  out  of  them. 

The  teleostean  fishes  generally  possess  taste  buds  freely 
scattered  over  the  mucous  surfaces  of  the  mouth,  gfiHs  and  lips. 
The  group  of  Ostariophysi  is  characterized  by  a  very  great  de- 
velopment of  this  system  of  sense  oi^ns — in  the  siluroids  in 
the  outer  skin  and  barblets  and  in  the  cyprinoids  both  in  the 
outer  skin  and  in  still  greater  degfree  in  the  palatal  oi^[an  within 
the  mouth. 

It  has  previously  been  shown  experimentally  that  these 
fishes  do  in  reality  taste  with  their  cutaneous  taste  buds,  which 
are  often  called  terminal  buds  and  which  have  no  relationship 
whatever  with  any  variety  of  lateral  line  organs.  Furthermore, 
while  pure  cutaneous  gustatory  stimuli  can  be  localized  by  the 
fish,  ordinarily  both  gustatory  and  tactile  stimuli  cooperate  in 
the  discrimination  and  localization  of  food  objects. 

^  The  distribution  and  innervation  of  the  organs  of  taste 
have  been  accurately  determined  for  the  siluroid  fish,  Ameiurus, 
all  of  them  being  innervated  by  the  communis  system  of  per- 
ipheral nerves.  The  nerves  from  the  buds  in  the  outer  skin 
enter  the  brain  exclusively  by  the  facialis  root ;  those  from  with- 
in the  mouth  by  the  facialis,  glossopharyngeus  and  vagus  roots, 
chiefly  the  latter.  A  special  tuberosity  of  the  brain,  the  lobus 
vagi,  serves  in  fishes  generally  as  the  primary  cerebral  center 
for  all  gustatory  nerves.  This  is  greatly  enlarged  in  some  cyp- 
rinoids to  provide  for  the  taste  buds  in  the  palatal  organ,  and 
in  both  cyprinoids  and  siluroids  there  is  another  tuberosity  de- 


Digitized  by  VjOOQ IC 


Art.  u.)  Herrick,  Gustatory  Paths  in  Fishes.  99 

veloped,  the  lobus  facialis,  which  receives  all  the  gustatoty 
nerves  from  the  outer  skin. 

The  purpose  of  this  study  is  to  trace  the  farther  course  of 
these  gustatory  pathways  within  the  brain  and  in  particular  to 
niap  out  the  reflex  paths  for  the  various  types  of  gustatory  reac- 
tion which  have  been  actually  observed  in  the  feeding  activities 
of  these  fishes. 

Peripheral  gustatory  nerve  fibers  (especially  those  of  the  X 
and  IX  nerves)  enter  the  brain  in  company  with  unspecialized 
visceral  sensory,  fibers  from  which  they  can  be  distinguished 
within  the  brain  only  with  difficulty.  This  mixed  system  is 
spoken  of  as  the  communis  system  of  nerves  and  centers.  It  is 
probable  that  the  complete  analysis  of  this  complex  can  be 
made  only  by  the  degeneration  method.  But  the  comparative 
method  has  enabled  us  to  determine  with  great  probability  the 
chief  secondary  connections  of  both  types  of  fibers  and  so  to 
prepare  the  way  for  an  accurate  determination  of  the  gustatory 
pathways  in  the  human  brain,  which  are  at  present  almost 
wholly  unknown. 

In  the  cyprinoids  and  siluroids  the  primary  gustatory  cen- 
ters possess  in  both  the  facial  and  the  vagal  lobes  two  types  of 
secondary  neurones;  (i)  small  intrinsic  neurones  (largely  of 
CrOLGi's  type  II)  filling  the  interior  of  the  lobe,  and  (2)  larger 
and  very  highly  specialized  neurones  superficially  arranged  over 
the  lobes — the  chief  secondary  gustatory  neurones. 

The  intrinsic  neurones  serve  to  diffiise  incoming  stimuli 
throughout  the  substance  of  the  lobes  and  those  with  longer 
neurites  effect  connections  with  adjacent  motor  areas,  chiefly 
by  way  of  the  substantia  reticularis  grisea.  These  connections 
are  probably  very  largely  for  unspecialized  visceral  sensory  re- 
flexes, as  well  as  for  direct  response  of  the  mandibular  bran- 
chial and  palatal  musculature  (muscles  of  the  visceral  system) 
to  gustatory  stimulation,  and  are  probably  substantially  similar 
in  all  vertebrates. 

The  chief  gustatory  neurones  of  both  vagal  and  facial  lobes 
give  rise  to  the  long  paths  of  secondary  connection  for  distant 
parts  of  the  brain.     Their  dendrites  receive  directly  the  per- 
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ipheral  gustatory  terminals  of  the  first  order  and  their  neurites 
either  descend  to  the  inferior  secondary  gustatory  nucleus  in 
the  region  of  the  funicular  nuclei  or  ascend  to  the  superior  sec- 
ondary gustatory  nucleus  in  the  isthmus.  In  both  cases  the 
path  is  mainly  and  perhaps  •  exclusively  gustatory  in  function. 


fobus  IX 
Jobus  X 


fore 

brain       '       IS\ 

Fig.  jS.  Piagram  ol  the  gustatory  paths  in  the  brain  of  the  carp  as  seen 
from  the  side.     Only  the  long  paths  are  shown  in  this  diagram  (cf.  Fig.  39). 

n.VII.s,,  n./X.s.,  and  n.X.s.^  represent  the  sensory  root  fibers  of  tlie  facial- 
is, glossopfaaryngeus  and:  vagus  respectively',  or  gustatory  iieuronefe  of  the  first 
orde^  i(/).  The  secoj^dary  tracts,  both  ascending  and  descending,  are  1  marked 
//.  The  tertiary  path  to  the  inferior  lobe  is  marked  ///;  the  path  to  the  cere- 
bellum and  valvula,  w.  The  return  path  from  the  inferior  lobe  to  the  motor  nu- 
clei of  the  oblongata  (ttactus  Ibbo^bulbaris)  is  miirk<*d  /F.  The  commi^ures  of 
the  ipferioraujd  superior  seqondary  nuclei  are  indicated  by  shaded  area^  ( the  lat- 
ter marked  f).  n.op.y  the  optic  nerve.  The  area  marked  »./«».  includes  the 
funicular  nucleus  and  the  inferior  secondary  gustatory  nucleus. 

In  cyprinoids  the  gustatory  neufbnes  of  the  smaller  type  proba. 
bly  share  both  this  function  and  that  of  the  intrinsic  neurones. 
In  no  case  does  a .  peripheral  gustatory  neurone  connect  direct- 
ly with  a  peripheral  motor  neurone.  There  is  always  at  least 
one  intermediate  neurone  between  them. 

The  vagal  lobes  of  the  larger  cyprinoids  differ- from  those 
of  the  siluroids,  in  addition  to  the  points  already  mentioned,  in 
the  following  respects :  •  (i)  The  chief  secondary  neurones,  be- 
ing, exceedingly  numerous  and  crowded  in  a  .narrow  peripheral 
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layer,  thrust  their  dendrites  inward  in  a  radial  direction  -  and 
there  engage  the  tferminiof  the  peripheral  neurones  of  th6  first 
order  instead  of -spreading  out  tangentially  among  these  termini, 
and  the  neurite  arises  from  the  tip  of  the  dendrite.     This  ar- 


sec.  gustn 
n.Vll.s. 

hbus  X-i* 
n.  X.  s. 


n:V.mot: 
<  \  /  .n.l///.mot 


nJK.mot 

n.X.mof 
fmc.  funicu  // 


Fig.jg,  Diagram  of  the.  gustatory  paths  in  the  brain  of  the  carp  as  seen 
from  above.     Designations  in  general  as  in  Fig.  38. 

The,  sensory  .root  fibers  and  long  sensory  tracts  are  indicated  on  the  left  side, 
the  short  paths,  return  path  from  the  .inferior  Lobe  and  motor  root  fibers,  on  the 
right  side.  The  Wuts^  infj^  designate  the  outer  margins  of  the  inferior  lobes. 
The  dendrites  of  all  the  motor  nuclei  ramify  in  the  substantia  reticularis  grisea. 
Two  types  of  motor  fibers  are  indicated  in  the  yagus  root  {n.X.motJ^f  (i)  those 
from  the  motor  layer  of  the  vagal  lobe  {above),  and  (2)  those  from  the  nucleus 
ambiguus  (below).  The  facial  lobe  is  designated,  VII \  the  superior  secondary 
gustatory  nucleus,  sec.gust.n.  The  area  designated  nucfuniculi  contains  also  the 
inferior  secondary  gustatory  nucleus. 
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rangement  is  probably  merely  a  device  for  economy  of  space 
(cf.  Figs.  lo  and  30).  (2)  The  deepest  cells  of  the  vagal  lobe 
are  motor  neurones  (probably  derived  phylogenetically  from 
the  underlying  nucleus  ambiguus  and  related  to  the  dorsal  mo- 
tor nucleus  of  the  va^us  of  Porel  et  al.)  which  supply  directly 
the  intrinsic  muscles  of  the  palatal  organ.  These  motor  cells 
are  not  present  in  recognizable  numbers  in  siluroids  or  other  tel- 
eosts— correlated  with  the  absence  of  the  palatal  organ.  (3) 
A  large  proportion  of  the  intrinsic  neurones  serve  as  intermedi- 
aries between  the  peripheral  termini  and  the  motor  layer  of  the 
vagal  lobe,  thus  providing  for  a  reflex  connection  within  the 
lobe  between  the  taste  buds  on  the  palatal  organ  and  the  in- 
trinsic muscles  of  that  organ. 

The  main  paths  of  gustatory  conduction  in  these  fishes 
may  be  summarized  as  follows  (cf.  the  accompanying  schemata, 
Figs.  38  and  39.) 

A.  Short  Paths. 

I.  Impulses  originating  in  taste  buds  on  the  palatal  organ  pass  by  way  of 
the  X  and  IX  nerves  to  the  vagal  lobe;  then  through  the  intrinsic  neurones  to  the 
motor  layer  and  the  intrinsic  muscles  of  the  palatal  organ  (in  cyprinoids  only). 

3.  From  peripheral  termini  m  both  the  vagal  and  facial  lobes  to  the  substan- 
tia reticularis  of  the  same  side  via  intrinsic  neurones,  the  smaller  type  of  margin- 
al neurones  (in  cyprinoids)  and  collaterals  of  the  chief  neurones.  These  neurones 
of  the  second  order,  either  directly  or  through  the  mediation  of  tertiary  neurones 
of  the  substantia  reticularis  grisea,  reach  the  dendrites  of  the  visceral  motor  nu- 
clei of  the  medulla  oblongata.  This  provides  a  pathway  for  reflex  movements  of 
the  lips,  barbels,  tongue,  jaws,  gills  and  pharynx  in  response  to  gustatory  stimu- 
lation. 

3.  Some  of  the  chief  gustatory  neurones  send  their  neurites  directly  across 
the  raph^,  probably  to  end  in  the  substantia  reticularis  of  the  opposite  side  of  the 
oblongata.  There  is  also,  of  course,  indirect  connection  between  the  substantia 
reticularis  of  the  two  sides  of  the  body,  thus  providing  for  coordinated  action  of 
the  muscles  of  both  sides. 

4.  The  nucleus  intermedius  of  the  vagal  lobes  and  the  associated  substantia 
reticularis  extend  caudad  from  their  lobes  to  fuse  directly  with  important  g^ta- 
tory  centers  lying  mesially  of  the  funicular  nuclei — the  inferior  secondary  gusta- 
tory nuclei.  These  nuclei  are  connected  by  the  commissura  infima  Hallxri 
and  the  commissural  nucleus  of  Cajal  is  a  specialized  part  of  this  gustatory  cen- 
ter. These  nuclei  are  very  intimately  related  to  the  funicular  nuclei  and  thus 
aflbrd  a  mechanism  of  correlation  between  g^ustatory  and  tactile  impressions. 
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B.     Long  Paths, 

5.  The  descending  secondary  gustatory  tract  arises  from  the  chief  gustatory 
cells  of  the  facial  lobe  mainly  and  terminates  partly  in  the  inferior  secondary  gus- 
tatory nucleus  and  a  smaller  part  lower  down  in  the  spinal  cord.  This  puts  the 
taste  buds  in  the  outer  skin  into  very  direct  relations  with  the  trunk  musculature 
and  so  provides  for  the  body  movements  necessary  to  turn  and  seize  food  after 
its  detection  by  contact  with  cutaneous  taste  buds.  This  inferior  nucleus,  as 
stated  above,  is  connected  by  a  rich  fibrous  plexus  with  the  funicular  nucleus, 
which  is  the  primary  tactile  coordination  center  for  the  skin  of  the  head  and 
trunk.  Thus  the  cutaneous  gustatory  and  tactile  impressions  may  be  brought 
into  relation,  as  required  by  the  physiological  evidence  that  these  senses  cooper- 
ate in  the  localization  of  food  objects. 

6.  The  ascending  secondary  gustatory  tract  arises  from  the  chief  secondary 
neurones  of  both  vagal  and  facial  lobes  and  terminates  in  the  superior  secondary 
gustatory  nucleus  located  in  the  lateval  wall  of  the  isthmus  (the  "Rindenknoten" 
of  Mayser).  It  ends  chiefly  on  the  same  side,  but  a  part  of  its  fibers  cross 
through  the  commissure  of  the  secondary  nuclei  to  end  in  the  opposite  nucleus. 

The  superior  and  inferior  secondary  gustatory  nuclei  are  both  specializations  * 
of  the  substantia  reticularis  grisea.  The  superior  nucleus  is  especially  intimately 
connected  with  the  motor  V  nucleus,  partly  directly  and  partly  through  another 
specialized  area  termed  the  substantia  reticularis  grisea  trigemini.  It  also  has 
connections  cephalad  with  the  region  of  the  eye-muscle  nuclei  and  the  nucleus  of 
the  fasciculus  longitudinalis  medialis,  thus  putting  the  gustatory  system  into 
physiological  relation  with  the  somatic  motor  centers.  There  is  also  probably  an 
important  connection  between  the  superior  nucleus  and  the  cerebellum  and  val- 
vula  cerebelli  by  way  of  the  nucleus  lateralis  valvulae.  These  important  mesen- 
cephalic and  cerebellar  connections  merit  much  more  thorough  study. 

7.  The  chief  tertiary  gustatory  tract  arises  from  cells  in  the  cortical  layer 
of  the  secondary  nucleus,  whose  dendrites  receive  the  terminal  arborizations  of 
the  secondary  fibers.  This  tract  is  heavily  medullated  and  mingles  with  the 
tractus  lobo-cerebellaris  (Edinger)  and, other  vertical  tracts  connecting  with  the 
cerebellum,  so  that  it  is  difficult  to  follow  it  separately.  GoLGi  impregnations 
show  that  its  fibers  pass  ventrad  and  slightly  cephalad  to  arborize  widely  through- 
out the  lateral  lobule  of  the  inferior  lobe  (hypoaria,  C.  L.  Herrick)  along  with 
others  from  the  forebrain,  tectum,  etc.  This  appears  to  be  the  chief  center  for 
the  correlation  of  olfactory  and  other  higher  senses. 

8.  The  return  path  for  all  of  these  sensory  activities  of  the  inferior  lobe  is 
the  tractus  lobo-bulbaris,  the  dendrites  of  whose  cells  of  origin  ramify  widely 
among  the  gustatory  and  other  terminals  just  mentioned.  This  tract  (Mayser's 
<*Nervenfaser-bundel  x")  passes  into  the  oblongata  mesially  of  and  partly  enclos- 
ed by  the  ascending  secondary  gustatory  tract  and  along  the  lateral  border  of  the 
substantia  reticularis  grisea,  within  which  its  fibers  gradually  diffuse  themselves. 
Through  the  medium  of  this  reticular  area  the  descending  impulses  from  the  in- 
ferior lobe  come  into  relation  with  the  peripheral  motor  neurones  of  the  oblonga- 
ta and  probably  also  of  the  spinal  cord,  thus  providing  for  the  most  complex  re- 
flexes of  which  the  fish  is  capable. 
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TABLE  OF  THE  GUSTATORY  PATHS  IN  FISHES. 

A.  Peripheral  Neurones— Gustatory  neurones  of  the  first  order. 

/.     Radix  communis  facialis. 
II,     Radix  communis  glossopharyngei. 
Ill     Radix  communis  vagi. 

These  radices  contain  unspecialized  splanchnic  fibers  in  addition  to 
gustatory  fibers.  In  their  intra-medullary  courses  they  unite  to  form 
the  fasciculus  communis  of  the  Ichthyopsida,  or  the  fasciculus  solitar- 
ius  of  birds  and  mammals.  In  some  animals  the  secondary  gustatory 
fibers  are  also  in  part  represented  in  this  tract. 

B.  Nucleus  gustus  primus. 

The  communis  roots  terminate  in  a  medullary  center  which  may  be 
termed  the  primary  communis  center.  '  That  portion  of  this  center 
which  receives  the  g^ustatory  component  of  these  roots  is  the  primary 
gustatory  nucleus.  It  may  be  single,  but  in  the  fishes  described  in 
this  paper  is  double. 
/.     Lobus  Vagi. 

1.  Layer  of  root  fibers^ 

2.  Layer  of  secondary  neurones. 

I )  Chief  secondary  neurones. 
3)  Intrinsic  secondary  neurones. 

3.  Layer  of  secondary  gustatory  tracts. 

4.  Layer  of  motor  neurones. 

5.  Ependyma. 

These  layers  occur  as  above  only  in  tome  cjrprinoids. 
In  place  of  the  4th  layer  in  siluroids  b  the  nucleus  inter- 
medlus  vagi,  and  in  these  fishes  the  chief  gustatory  neu- 
rones are  arranged  in  dorsal  and  lateral  groups  with  some- 
what different  secondary  connections. 
//.     Lobus  facialis  ( r=tuberculum  impar=lobus  trigemini,  Mayser). 

1.  Chief  secondary  neurones. 

2.  Intrinsic  secondary  neurones. 

3.  Nucleus  intermedius  facialis. 
///.     I^bus  gUssopharyngd^Xi  z^-^TiiKOX^  ov\y), 

C.  Tractus  gustus  secundus  descendens. 

1.  Pars  facialis  (distinct  only  in  cyprinoids  and  siluroids). 

2.  Pars  vagi  (part  of  the  spinal  portion  of  the  fasciculus  solitarios  in 

mammals). 

D.  Tractus  gustus  secundus  ascendens  (central  gustatory  tract  =  «sekun- 

dftre  Vagus-Trigeminusbahn,"  Mayser). 
I.     Pars  facialis  (in  cyprinoids  and  siluroids  only). 

3.  Pars  vagi. 

E.  Nucleus  gustus  secundus  inferior. 

F.  Nucleus  gustus  secundus  superior  (central  gustatory  nucleus  =s  <<Rin- 

denknoten,"  MAYSER=secondary  vagus  nucleus,  Johnston). 

1.  Commissure  of  secondary  gustatory  nuclei. 

2.  Intrinsic  neurones  (mainly  commissural?). 
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.  3.     Chief  tertiary  gustatory  neurones. 
G.    Tractus  oustus  tertius. 

1.  Ad  lobum  inferiorem.  * 

2.  Ad  cerebellum. 
.3.    Ad  mesencephalon. 

4.     Ad  substantiam  reticularem. 

A  detailed  discussion  of  the  tnammaUon  homologies  of  the 
tracts  and  nuclei  enumerated  in  the  preceding;  table  is  as  yet 
premature.  Much  further  work  on  the  intermediate  types  re- 
mains to  be  done  before, such  comparisons  can  have  much  value 
except  as  suggestions  for  further  research. 

In  the  human  body  the  lingual  branch  of  the  glossopharyn- 
geal nerve  (from  taste  buds  at  the  base  of  the  tongue)  undoubt- 
edly corresponds  to  a  portion  of  the  pre-trematic  branch  of  the 
same  nerve  in  fishes.  The  course  of  the  peripheral  gustatory 
nerve  from  the. taste  buds  at  the  tip  of  the  tongue  is  still  dis- 
puted, though  the  evidence  is  rapidly  accumulating  that  this 
course  is  via  the  lingual  nerve,  chorda  tympani  and  portio  in- 
termedia of  \yRiSB£RG  into  the  fasciculus  solitarius.  The  hom- 
ologies of  the  chorda  tympani  have  given  comparative  anatom- 
bts  a  wo^-ld  of  trouble.  If  the  gustatory  component  of  the 
chorda  in  man  supplies  taste  buds  on  the  tip  of  the  tongue,  it 
is  obvipus  that  in  the  fishes  there  can  be  no  strictly  homologous 
nerve,  for  there  is  no  fleshy  tongue  in  fishes.  From  what 
branch  of  the  piscine  facial  nerve  the  mammalian  chorda  tymr, 
pani  has  been  specialized  is  uncertain — ^possibly  from  none  of 
them. 

The  identification  of  the  fasciculus,  communis  of  amphibia 
with  the  fasciculus  solitarius  of  mammab  was  a  very  important 
step  in  advance.  Jn  the  teleosts  the  case  is  much  more  com- 
plicated and  difficult  of  correlation.  But  the  descriptions  of 
Cajal  ('96,  p.  .43)  permit  comparisons  which  are  very  close  in 
all  fundamental  respects.  In  the  new-bom  mouse  there  is  a 
single  sensory  root  for  the  vagus  and  glossopharyngeus  and  a 
single  terminal  nucleus  which  is  the  grey  substance  associated 
with  the  fasciculus  solitarius.  In  addition  to  the  dorsal  nucleus 
of  KoLUKER,  which,  is  a  specialized,  portion  of  this  substance, 
there  is  another  and  more  important  specialization  from  it  in  the 
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region  of  the  funicular  nuclei.  Here  is  a  commissure  which 
corresponds  to  the  commissura  infima  Halleri  of  teleosts  and 
a  commissural  nucleus  which  is  also  present  in  fishes 
and  which  is  closely  related  to  the  inferior  secondary 
gustatory  nucleus  of  my  descriptions.  In  the  mouse 
the  greater  part  of  the  primary  sensory  root  fibers  of  the  IX 
and  X  nerves  appears  to  end  in  this  nucleus ;  in  the  fishes  a  very 
small  part,  while  the  greater  part  of  the  fibers  end  in  the  vagal 
lobe  whose  sensory  portion  is  homologous  with  the  dorsal  sen- 
sory nucleus  of  Kolliker.  The  commissural  nucleus  of  Cajal, 
as  a  primary  end-station  for  the  spinal  root  of  the  vagus,  is 
homologous  with  the  terminal  nucleus  of  the  descending  vagus 
root  fibers  associated  with  the  inferior  secondary  gustatory  nu- 
cleus. The  latter  nucleus  is  not  represented  in  Cajal's  descrip- 
tions, though  I  venture  the  prediction  that  further  study  of  the 
mammals  will  show  that  it  too  is  represented  in  the  commissur- 
al nucleus.  Cajal  finds  that  the  neurites  of  the  cells  of  the 
commissural  nucleus  enter  the  lemniscus  along  with  secondary 
tracts  from  the  funicular  nuclei  (secondary  tactile  path),  and 
here  again  the  teleostean  and  mammalian  relations  are  closely 
parallel. 

His  has  shown  that  the  fasciculus  solitari us,  when  first  appar- 
ent in  the  human  embryo,  lies,  like  the  spinal  V,  superficially  on 
the  lateral  border  of  the  oblongata  and  its  deeper  adult  position  is 
due  to  the  overgrowth  of  structures  from  the  '  *Rautenlippe. " 
In  teleosts  it  lies  still  deeper,  as  close  to  the  median  line  as  pos- 
sible. This  may  be  explained  by  the  fact  that  the  fasciculus 
solitarius  as  a  visceral  sensory  tract  is  more  ancient  than  the 
specialized  somatic  sensory  enlargement  (tuberculum  acusticum) 
of  this  part  of  the  oblongata.  The  communis  VII  +  IX 
(=  fasc.  communis)  was  therefore  passively  crowded  inward 
from  the  primitive  superficial  position  by  the  over-growth  of 
the  tuberculum  acusticum  (and  later  by  the  "Rautenlippe**  for 
the  olive)  and  prevented  from  passing  ventrally  by  the  great 
ventrolateral  tracts  and  the  secondary  mechanism  for  the  tub- 
erculum acusticum.  The  spinal  V  tract,  however,  being  organ- 
ically connected  with  the  somatic  sensory  centers  here  develop- 
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ed,  retained  its  superficial  position  with  reference  to  them.  In 
passing  from  the  fishes  to  the  mammals  the  fasciculus  solitar- 
ius  has  been  crowded  again,  somewhat  laterally  on  account  of 
the  further  development  of  median  structures. 

The  short  gustatory  paths  between  the  primary  centers 
and  the  motor  nuclei  of  the  oblongata  by  way  of  the  substantia 
reticularis  are  essentially  the  same  in  the  fishes  and  mammals. 

The  homology  of  the  nucleus  ambiguus  of  fishes  and  mam- 
mals is  not  open  to  question.  Forel  in  1891  showed  that  the 
so-called  chief  or  dorsal  sensory  nucleus  of  the  IX  and  X  nerves 
of  mammals  is  in  reality  a  motor  nucleus  of  origin  for  these 
nerves  and  much  evidence  in  confirmation  of  this  view  has  since 
been  published.  The  motor  layer  of  the  vagal  lobe  of  cyprin- 
oids  corresponds  in  position  exactly  with  this  nucleus  and  is 
probably  in  a  broad  way  homologous  with  it,  though  of  course 
the  homology  is  not  exact. 

The  long  ascending  secondary  tracts  from  the  vagal  and 
facial  lobes  (central  gustatory  path,  or  tractus  secundus  ascen- 
dens)  has  not  been  identfied  in  any  vertebrates  save  the  fishes, 
though  it  has  long  been  in  the  minds  of  several  neurologists 
that  the  homologies  of  this  tract  are  to  be  sought  in  the  lateral 
cerebellar  tract  of  Flechsig  (tractus  spino-cerebellaris  dorsalis^ 
Edinger).  These  fibers  are  known  to  arise  from  the  cells  of 
Cijvrke*s  column  (supposed  to  be  a  visceral  sensory  center) 
and  to  enter  the  vermis  cerebelH  by  way  of  the  restiform  body 
of  the  same  side.  Dorsally  of  the  ventricle  they  cross  to  the 
opposite  side  and  the  whole  arrangement  strongly  suggests  a 
survival  of  a  primitive  secondary  tract  from  the  visceral  sensory 
center  of  the  spinal  cord  to  the  isthmus,  to  which  in  fishes  the 
strong  secondary  gustatory  tracts  arising  in  the  oblongata  are 
added.  This  suggestion,  however,  cannot  be  taken  seriously 
until  we  have  much  more  exact  knowledge  of  the  superior  con- 
nections of  these  fibers  in  the  mammals  and  of  the  comparative 
anatomy  of  the  structures  at  the  base  of  the  vermis  cerebelli. 

The  morphological  relations  of  the  secondary  gustatory 
tract  and  nucleus  are  clearly  defined.  The  tract  represents  a 
specialization  of  the  substantia  reticularis  alba  and  the  nucleus 
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a  similar  derivative  of  the  substantia  reticularis  grisea.  The 
lemniscus  (fasciculus  lateralis)  of  these  fishes  represents  a  simi- 
lar specialized  somatic  sensory  path  from  the  primary  tactile 
and  acustico-lateral  centers  to  the  nucleus  lateralis  mesencephali 
(torus  semicircularis,  or  colliculus),  whose  fibers  cross  in  the 
ventral  commissure  of  the  oblongata.  This  special  splanchnic 
(gustatory)  path  appears  to  have  been  differentiated  later  in  the 
phylogeny  than  the  secondary  somatic  path.  Hence  its  super- 
ficial position,  coenogenetic  structures  of  the  brain  being  gen- 
erally added  external  to  palingenetic  structures.  The  crossing 
of  the  visceral  path  within  its  terminal  nucleus  instead  of  at  its 
origin  in  the  oblongata  is  perhaps  due  to  the  same  cause,  the 
primitive  undifferentiated  visceral  path  having  been  uncrossed  or 
diffusely  crossed  because  these  sensations  are  not  localized  ordi- 
narily. The  unspedalized  s^conAasy  visceral  path  doubtless  is  as 
primitive  as  the  unspecialized  somatic  path  and  probably  was 
originally  a  diffuse  connection  by  short  fibers  in  the  substantia 
reticularis  (crossed  or  uncrossed).  But  the  ascending  gustatory 
tract  (specialized  visceral)  as  a  well  defined  conduction  path  is 
quite  certainly  more  recent.  This  does  not  affect  the  conclu- 
sion to  which  we  were  led  above  that  the  visceral  root  fibers 
(fasciculus  communis)  are  older  than  the  special  somatic  centers 
in  the  tuberculum  acusticum. 

The  topography  of  the  oblongata  suggests  that  upon  the 
basis  of  the  unspecialized  centers  the  ascending  secondary 
paths  for  the  specialized  systems  were  added  in  the  following 
order, — first,  the  somatic  sensory,  or  lateralis  system  for  orien- 
tation and  equilibrium,  and,  second,  the  gustatory.  The  latter 
is  a  strictly  visceral  system  except  that  in  some  fishes  impor- 
tant somatic  secondary  connections  appear  sporadically  in  cor- 
relation with  the  appearance  of  taste  buds  in  the  outer  skin. 

The  mammalian  homologies  of  the  superior  secondary  gus- 
tatory nucleus  cannot  be  determined  until  its  relations  to  neigh- 
boring structures  are  much  more  fully  known.  Stieda*s  origin- 
al designation,  **Uebergangsganglion,"  apparently  included 
much  more  than  the  secondary  gustatory  center,  which  is  prob- 
ably coextensive  with  Mayser's  narrower  term,  •  *Rindenkno  t- 
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en.*'  Mayser  ('82,  p.  334)  identifies  the  "Uebergangsgang- 
lion"  with  the  corpus  quadrigeminum  posterius  of  Fritsch 
(*78).  From  the  latter*s  figures,  I  infer  that  he  included  under 
this  term  the  structures  adjacent  to  the  secondary  gustatory  nu- 
cleus as  far  as  cephalad  as  my  nucleus  lateralis  valvulae.  The 
latter  nucleus  is  apparently  included  in  the  "cells  of  the  super- 
ior and  internal  regions  of  the  torus  semicircularis"  of  Catois 
('01,  p.  133).  Catois*  * 'cells  of  the  external  region  of  the  tor- 
us*' constitute  the  nucleus  lateralis  mesencephali  of  Edinger. 
Edinger  states  that  the  **Uebergangsganglion*'  of  Stieda 
(sekundare  Vaguskern)  is  homologous  with  his  ganglion  isthmi 
('96,  p.  94  and '03,  p.  75).  He  also  identifies  ('04,  p.  194)  the 
ganglion  isthmi  with  the  nucleus  tegmenti  dorsalis  of  von  Gud- 
DEN  and  thinks  it  probably  is  the  same  as  Bechterew's  corpus 
parabigeminum.  Edinger  adds  ('04,  p.  267)  that  the  ganglion 
isthmi  of  lower  vertebrates  receives  the  median  root  of  the  op- 
tic nerve  and  gives  rise  to  centrifugal  fibers  for  the  retina.  His 
account  make  it  probable  that  his  ganglion  isthmi  sould  be  iden- 
tified with  my  nucleus  lateralis  valvulae  rather  than  with  the 
**Uebergangsganglion'*  as  a  whole.  Though  I  have  not  traced  the 
fibers  of  the  mesial  optic  root  so  far  caudad  as  this,  yet  the 
connection  with  the  post-optic  commissure,  referred  to  by 
Edinger,  is  very  plain,  and  the  tract  running  from  the  cephalic 
end  of  the  n.  lateralis  valvulae  to  the  oculomotor  nuclei  lends 
probability  to  the  belief  that  the  n.  lateralis  valvulae  is  in  part 
a  path  for  oculomotor  reflexes  and  probably  also  somatic  mo- 
tor reflexes  via  the  fasciculus  longtitudinalis,  of  optic,  gustatory 
and  perhaps  olfactory  origin.  My  n.  lateralis  valvulae  js  appar- 
ently included  in  the  **ganglio  subcerebelloso'*  described  ('94, 
p.  96)  and  figured  ('94  a.  Fig.  4,  p.  203)  by  Cajal.  His  fig- 
ure shows  the  cells  provided  with  a  single  thick  unbranched 
dendrite  which  comes  into  relation  with  collaterals  from  the 
ventral  longitudinal  tracts  of  the  mid-brain. 

The  only  conclusion  at  present  possible  is  that  the  "Ue- 
bergangsganglion'*  is  a  very  complex  structure,  devoted  large- 
ly to  gustatory  reflexes  and  coordinations  of  several  sorts,  and 
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doubtless  with  other  important  connections  as  yet  imperfectly 
known. 

While  these  pages  are  passing  through  the  press  the  excellent  paper  by 
Goldstein  (Untersuchungen  ilber  das  Vordcrhim  und  Zwischenhim  einiger 
KnochenBsche,  nebst  einigen  Beitrftgen  Qber  Mittlehirn  und  Kleinhim  derselben. 
Arch.f,  mikr.  Ana/,,  LXVI,  2,  1905,  pp.  135-220),  on  the  brains  of  teleosts 
has  come  to  hand.  While  Goldstein's  detailed  examination  did  not  extend 
back  into  the  region  of  the  gustatory  centers,  yet  I  am  pleased  to  note  that  he 
found  and  figured  the  tertiary  path  to  the  inferior  lobes,  though  naturally  with- 
out being  able  to  give  its  functional  interpretation.  It  has  been  assumed  by 
some  authors  that  the  ganglion  isthmi  of  Edinger  is  the  same  as  the  "Rinden- 
knoten"  of  Mayser  (my  nucleus  gustus  secundus  superior).  Goldstein,  how- 
ever, terms  the  latter  ''nucleus  lateralis  cerebelli"  and  the  cells  which  he  desig- 
nates as  ganglion  isthmi  are  clearly  shown  by  his  figures  to  be  the  cortical  layer 
of  tertiary  gustatory  neurones  surroung  the  "Rindenknoten"  as  I  have  describ- 
ed them  in  the  preceding  pages.  Goldstein's  tractus  isthmo-hypothalamicus, 
then,  is  my  tertiary  gustatory  path  to  the  inferior  lobe.  It  is  apparently  another 
portion  of  this  tertiary  gustatory  path  which  he  shows  in  text-figure  21  (p.  206) 
entering  the  tr.  cerebello-thalami  from  the  dorsal  part  of  the  nucleus  lateralis  cer- 
ebelli. 

There  remain  to  be  considered  the  morphological  relations 
of  the  gustatory  system  as  a  whole  to  the  other  functional  sys- 
tems of  the  brain.  The  intimate  association  of  gustatory  fibers 
with  those  of  general  visceral  sensation,  both  in  the  peripheral 
and  the  central  nervous  system,  strongly  suggests  that  the  gus- 
tatory system  has  been  specialized  from  this  primitive  source ; 
but  it  must  be  admitted  that  the  evidence  thus  far  produced, 
while  very  suggestive,  can  hardly  be  called  demonstra- 
tive. A  comparison  of  the  gustatory  system  with  the  *  'viscer- 
al sensory  system"  cannot  be  expected  to  yield  very  impor- 
tant results  so  long  as  the  latter  system  remains  so  imperfectly 
understood.  There  is  a  strong  demand  for  an  analysis  of  the 
visceral  nerves  and  for  a  clear  understanding  of  the  relations 
(both  anatomical  and  physiological)  of  their  various  kinds  with 
certain  systems  commonly  classified  with  the  somatic  sensory 
group,  such  as  the  nerves  of  muscle  and  joint,  thermal  and 
pain  (?)  sensations. 

Whatever  the  phylogenetic  origin  of  the  gustatory  system, 
it  is  clear  that  it  is  confined  to  the  cranial  nerves  and  that  in 
the  lowliest  vertebrates  it  is  represented  in  at  least  three  of 
these  nerves.     The  primary  terminal  center  does  not  corres- 
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pond  topographically  with  the  dorsal  horn  of  the  spinal  cord, 
but  with  the  region  of  Clarke's  column.  In  the  present  state 
of  our  knowledge,  no  precise  comparisons  are  possible  between 
the  gustatory  secondary  connections  and  those  of  the  visceral 
centers  of  the  spinal  cord.  And  in  the  brain,  where  our  knowl- 
edge of  the  connections  of  the  nerves  is  more  exact,  there  is  no 
close  resemblance  between  the  secondary  gustatory  and  any 
other  secondary  sensory  system. 

The  acustico-lateral  and  tactile  systems  have  been  shown 
to  be  intimately  related  and  their  secondary  tracts  in  fishes  are, 
in  a  general  way  at  least,  known,  crossing  immediately  in  the 
ventral  commissure  and  ascending  in  the  lemniscus  (fasciculus 
lateralis)  to  the  opposite  mesencephalon.  Clearly  there  is  no 
close  resemblance  here  with  the  gustatory  connections  and  it  is 
difficult  to  conceive  how  either  form  could  have  been  derived 
from  the  other. 

Given  a  primitive  elongated  gustatory  center  in  the  oblon- 
gata, like  that  associated  with  the  fasciculus  communis  of  the 
amphibia,  and  the  development  of  all  types  of  primary  gusta- 
tory centers  known  among  fishes  can  be  easily  understood  by 
simple  hypertrophy  of  different  parts  of  the  system.  We  have 
seen  in  the  preceding  descriptions  that  the  secondary  gustatory 
connections  are  in  almost  all  cases  through  the  substantia  retic- 
ularis grisea  or  derivatives  from  it.  This  applies  both  to  the 
short  connections  and  to  those  by  way  of  the  superior  and  in- 
ferior secondary  nuclei.  In  the  two  latter  cases  the  connection 
is  partly  on  the  same  side  and  partly  on  the  opposite  side 
through  a  commissure. 

The  superior  secondary  nucleus  is  clearly  adapted  to  serve 
the  higher  gustatory  reflexes,  and  various  coordinations,  chiefly 
with  smell  and  sight.  The  connection  with  the  valvula  cerebelli 
and  cerebellum  is  very  perplexing.  There  is  a  suggestion  in 
certain  comparative  anatomical  facts  that  the  valvula  cerebelli 
of  teleosts  (or  at  least  its  lateral  lobes  which  are  broadly  conflu- 
ent with  the  nucleus  lateralis)  has  been  differentiated  in  connec- 
tion with  the  secondary  gustatory  nucleus.  The  valvula  is 
largest  in  those  teleosts  which  have  the  most  highly  developed 
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gustatory  systems,  and  it  was  noticed  by  Mayser  (*82,  p.  325) 
that  the  cephalic  part  of  the  **Uebergangsg^nglion"  (including 
my  nucleus  lateralis  valvulae)  varies  in  size  with  the  valvula 
cerebelli,  while  the  caudal  part  (which  corresponds  in  part  with 
our  substantia  reticularis  grisea  trigemini)  varies  with  the  size 
of  the  secondary  gustatory  tracts.  In  Mormyrus,  where  the 
lateral  lobes  of  the  valvula  attain  so  enormous  size  as  to  expand 
upwards  and  laterally  in  mushroom  shapeand  overlap  the  whole 
brain,  Sanders  ('83)  describes  also  a  considerably  enlarged  and 
modified  tuberculum  impar  and  vagal  lobes.  Since  the  other 
parts  of  this  brain  are  of  the  typical  teleostean  type,  save  for 
the  reduction  of  the  visual  apparatus  and  inferior  lobes,  it  ap- 
pears probable  that  the  lateral  lobes  of  the  valvula  are  related 
with  the  gustatory  reflexes. 

The  chief  connections  of  the  cerebellum  are  with  centers 
commonly  regarded  as  of  the  somatic  sensory  type — tactile, 
acusticolateral,  visual.  This  strengthens  the  current  view  that 
this  organ  is  concerned  with  the  regulation  of  somatic  move- 
ments, or  reactions  of  the  body  to  external  stimuli  as  distin- 
guished from  visceral  reactions  to  internal  stimuli.  A  gusta- 
tory cerebellar  connection  would  seem,  therefore,  very  anom- 
alous. And  so  it  would  be  in  an  ordinary  vertebrate,  if  our 
present  functional  analysis  is  proceeding  along  true  lines.  But 
we  have  seen  above  that  the  fishes  here  under  consideration, 
unlike  most  other  vertebrates,  make  somatic  movements  in  re- 
sponse to  cutaneous  gustatory  stimulation  in  their  ordinary 
feeding  reactions.  This  feature  gives  an  abundant  explanation 
for  the  cerebellar  connections  of  the  secondary  gustatory  nu- 
cleus, by  way  of  the  nucleus  lateralis  valvulae,  as  well  as  a  pos- 
sible clue  to  the  morphology  and  phylogeny  of  the  valvula. 

The  problem  of  the  relation  of  taste  and  smell  is  of  major 
importance  from  the  points  of  view  of  comparative  physiology, 
of  phylogeny  and  of  morphology.  Why  the  single  chemical 
sense  of  some  invertebrates  should  have  given  rise  in  the  verte- 
brates to  two  systems  so  distinct  morphologically  as  the  olfac- 
tory and  gustatory  apparatus  has  not  been  explained.  A  sug- 
gestion of  a  possible  genetic   connection   is  manifest  in  the  ac- 
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companyfng  diagram  (Fig.  40)  of  the  morphological  relations. 
Remembering  that  the  secondary  gustatory  connections 
are  differentiations  from  the  substantia  reticularis  grisea  (the 
anomalous  position  of  the  superior  secondary  nucleus  being  eas- 
ily explained  on  mechanical  grounds),  we  find  here  a  natural 
explanation  of  the  further  (tertiary)  path  to  the  inferior  lobe, 
for  this  is  also  a  derivative  of  the  substantia  reticularis,  crowded 
for  mechanical  reasons  in  the  opposite  direction  from  that  tak- 
en by  the  secondary  gustatory  nucleus  (cf.  Johnston  '02  a,  p. 
roo).  Turning  now  to  the  secondary  olfactory  connections, 
the  resemblance  to  those  of  the  sense  of  taste  is  striking  in  fun- 
damentals, in  spite  of  great  difference  in  detail. 


Fi^.  40.  Diagram  showing  the  relations  of  the  gustatory  and  olfactory 
centers  in  teleosts,  as  represented  by  the  shaded  areas.  The  black  spots  repre- 
sent the  position  of  commissures  of  secondary  or  tertiary  fibers.  2,  3  and  4  rep- 
resent the  olfactory  conduction  paths  of  the  second,  third  and  fourth  orders  re- 
spectively. II,  III,  IV  represent  the  gustatory  conduction  paths  of  the  second, 
third  and  fourth  orders  respectively.     Compare  Figs.  38  and  39. 

The  olfactory  bulb,  like  the  vagal  lobe,  contains  a  margin- 
al zone  of  large  secondary  cells,  the  mitral  cells,  with  long  neu- 
rites  and  with  dendrites  which  receive  the  endings  of  the  per- 
ipheral neurones.  The  interior  of  the  bulb  is  filled  with  minute 
intrinsic  neurones.  The  secondary  center  is  the  area  olfactoria 
of  the  fore-brain,  whose  commissure  bears  the  same  relation  to 
the  secondary  tracts  as  do  those  of  the  secondary  gustatory  nu- 
clei. The  main  tertiary  tract  passes,  as  before,  to  the  inferior 
lobe,  which  is,  in  fishes,  the  central  correlation  station  for  all 
sensory  impressions.     The  return  path  from  the  inferior  lobe  to 
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the  epistriatum  in  teleosts  is  a  prophesy  of  the  evolution  of  the 
cortex  cerebri  in  the  later  phylogeny.  The  olfactory  and  gus- 
tatory tertiary  tracts  end  tog;ether  throughout  the  inferior  lobe 
and  they  have  a  common  descending  conduction  path,  the  trac- 
tus  lobo-bulbaris.  In  addition  to  this  ventral  olfactory  path, 
there  is  the  dorsal  tertiary  tract  from  the  fore-brain  to  the  hab- 
enula  and  its  descending  path  of  the  fourth  order,  Meynert's 
fasciculus  retroflexus.  This  path  offers  opportunity  for  somatic 
sensory  (including  optic)  and  somatic  motor  connections  analog- 
ous to  those  provided  for  the  sense  of  taste  in  the  inferior  sec!- 
ondary  nucleus. 

If  the  olfacto-gustatory  connections  of  the  human  body  are 
at  all  similar  to  these  of  fishes,  this  relation  offers  a  possible 
anatomical  correlate  of  the  familiar  fact  of  experience  that  sub- 
jectively we  distriminate  tastes  and  smells  only  imperfectly,  in 
many  cases  not  at  all,  without  the  aid  of  collateral  physiological 
experimentation  to  determine  which  organ  receives  the  stimulus. 

It  is  freely  granted  that  these  comparisons  are,  in  the  pres- 
ent state  of  our  knowledge,  rather  fanciful.  They  are  offered 
merely  as  the  first  practicable  working  hypothesis  for  a  correla- 
tion of  the  olfactory  with  the  other  sensory  mechanisms.  If  the 
anterior  end  of  the  primary  nerve  tube  lies  in  the  region  of  the 
preoptic  recess,  as  seems  to  be  now  commonly  assumed,  the 
peculiar  relations  of  the  rhinencephalon  are  to  be  explain- 
ed as  due  to  the  suppression  of  the  most  anterior  sensory  and  mo- 
tor centers  of  other  systems,  leaving  the  olfactory  apparatus  free 
to  develop  without  constraint. 

The  most  striking  difference  noticeable  in  the  diagram  be- 
tween the  centers  for  taste  and  smell  is  the  apparently  ventral 
position  of  the  primary  and  secondary  olfactory  centers  as  con- 
trasted with  the  dorsal  centers  for  taste.  But  if  the  anterior 
end  of  the  brain  tube  lies  near  the  preoptic  recess  in  the  lamina 
terminalis,  this  difficulty  disappears ;  for  all  structures  in  front 
of  this  point  must  have  been  developed  from  the  dorsal  wall  of 
the  brain  tube.  That  is,  the  secondary  fore-brain,  including 
the  entire  rhinencephalon,  is  a  dorsal  structure. 

Our  conclusion,   then,   is   that  the  morphological  relations 
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expressed  in  Fig.  40  strongly  suggest  that  the  central  reflex 
mechanisms  of  taste  and  smell  have  had  a  common  phylogene- 
tic  origin  and  that  they  have  been  from  the  first  quite  indepen- 
dent of  the  so-called  somatic  sensory  centers. 
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GEOLOGY   OF    PERRY    TOWNSHIP,    LICKING 
CO.,  OHIO. 

;  3y  F.  Carney. 

OUTLINE. 

t.    Stratigraphy 

1.  Cuyahoga  formation. 

2.  Black  Hand  formation. 

3.  Logan  formation, 

4.  Pottsville  formation. 

[.      TOPOGRAPAY 

1.  Weathering. 

2.  Water  Uble. 

3.  Surface  slopes  and  rock  structure. 
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STRATIGMPHY. 

In  Perry  township  but  one  stream,  Rocky  Fork,  is  flowing 
rock ;  and  this  is  rock-floored  for  less  than  a  mile,  present- 
ig  at  no  point  a  vertical  rock  section  of  more  than  fifteen  feet, 
the  south  central  part  of  the  township  a  small  tributary  of 
the  Wakatomaka  creek  cascades  across  the  Black  Hand  con- 
ffglomerate  at  a  sharp  grade  exposing  only  a  portion  of  the  for- 
mation. Scattered  elsewhere  we  find  ledges  of  the  Black  Hand, 
the  lower  part  of  the  formation  being  frequently  covered  by 
talus  slopes  or  by  flood-plain  deposits,  while  its  contact  with 
the  overlying  Logan  is  generally  hidden  by  products  of  weath- 
ering.     In  a  few  places  the  highways  crossing  sharp  elevations 
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have  so  directed  the  run -off  water  of  showers  as  to  reveal  the 
strata,  but  seldom  forming  a  section  that  will  admit  of  precise 
measurement.  In  general  the  uplands  and  slopes  have  a  coat- 
ing of  residual  material,  while  aggfaded  valleys  prevail  else- 
where.    These  conditions  therefore  have  precluded  any  great 
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accuracy  in  obtaining  vertical  sections  of  rock  structure.  Nev- 
ertheless we  feel  that  the  data  obtained  adds  something  to  pub- 
lished reports  on  the  stratigraphy  of  the  immediate  region.^ 

The  thickness  of  the  formations,  as  well  as  the  vertical 
range  of  dissection,  was  established  by  the  barometer,  the  var- 


^Rep.  Geol.  Sunr.  Ohio,  vol.  iii,  Pt.  I,  1874.  PP-  349i  35^* 
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iations  of  which  were  checked  up  by  another  instrument  kept 
at  a  given  base  in  the  area  being  worked  and  read  hourly  or 
oftener ;  that  the  two  aneroids  when  kept  together  varied  alike 
had  been  ascertained  previously. 

The  following  formations  occur  in  the  township : 

(4)  Sharon  conglomerate.     (2)  Black  Hand  formation. 
(3)  Logan  formation.  (i)  Cuyahoga  formation. 

In  most  cases  the  lithological  distinction  of  the  formations 
is  sufficiently  marked  to  establish  lines  of  contact ;  whenever 
doubt  arose  the  question  •was  further  investigated  by  seeking 
characteristic  fauna. 

1.  Cuyahoga  Formation.  The  Rocky  Fork  crosses  the 
northwest  comer  of  Perry  township,  flowing  southward  through 
Mary  Ann  township  till  within  a  mile  of  the  southern  bound- 
ary where  it  swings  eastward  cutting  the  southwest  corner  of 
Perry.  Only  in  this  latter  part  of  its  course  does  the  stream 
flow  on  rock,  which  is  the  Cuyahoga.  At  several  points  along 
the  bed  are  ripple  marks,  the  best  illustrations  being  just  south 
of  the  swing  foot-bridge  over  the  stream  near  the  point  of  its 
turn  westward  into  Mary  Ann  township.  The  lower  three  feet 
of  section  shown  in  Fig.  i,  consisting  of  blue  shale  and  thin 
sandy  layers,  belongs  to  the  Cuyahoga. 

The  broad  valley  in  which  Perryton  lies,  (Fig.  2),  and  the 
valley  extending  south  from  Reform,  evidently  are  floored  in 
the  Cuyahoga.  The  relative  great  width  of  the  former  valley 
in  the  region  referred  to  is  due  in  part  to  another  cause  consid- 
ered later. 

2.  Black  Hand  Formation.  In  the  area  studied  the 
maximum  thickness  of  the  Black  Hand  is  1 10  to  115  feet ;  this 
is  attained  in  the  southern  part  of  the  township ;  the  formation 
apparently  thins  northward.  At  Haven's  quarry  and  down 
Quarry  run  southeast  of  Newark  Professor  Prosser  measured 
100  1-2  feet  of  Black  Hand^ ;  one-half  mile  east  of  Claylick 
Professor  C.  L.  Herrick  reported  ''about  100  feet  of  alternating 


>The  Am.  Geologist,  vol.  xzziv.  1904,  p.  359. 
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conglomerate  and  coarse  sandstone  of  prevailingly  red  color,"* 
a  description  which  closely  characterizes  the  formation  as  it  ap- 
pears in  Perry  township,  and  a  thickness  which  Professor  Pros- 
ser  verified  in  the  vicinity  of  Claylick*. 

From  the  highways  of  Perry  township  the  coarse  con- 
glomerate horizon  of  this  Black  Hand  formation  is  the  most 
striking  lithological  feature.  Along  the  "Newark  Road"  (Fig. 
3)  from  Perryton  towards  Hanover,  and  along  the  roads  bear- 
ing northward  to  Fallsburg  and  Reform  it  stands  out  in  clif& 
revealed  by  lateral  planation  of  the  older  drainage  lines. 

Both  above  and  below  this  conglomerate  horizon  we  find 
thiner  bedded  buff  sandy  layers,  which  weather  into  gentle 
slopes  in  accord  with  the  overlying  Logan  slopes  (Fig.  2).  But 
wherever  the  Black  Hand  contains  10  feet  or  more  of  the  con- 
glomerate phase,  a  break  is  noticed  in  this  slope. 

In  the  central  part  of  Licking  county  Professor  Herrick* 
found  that  this  formation  dips  to  the  south  about  14  feet,  and 
to  the  east  about  18  feet  per  mile.  In  determining  the  eastern 
dip  he  made  his  computations  from  a  line  of  precise  levels,  us- 
ing as  a  base  Conglomerate  I*.  The  work  in  Perry  township 
done  with  two  barometers  is  not  so  exact ;  our  readings  give 
an  eastern  dip  of  nearly  1 3  feet,  and  a  southern  dip  of  about 
18  feet  per  mile. 

In  the  eastern  part  of  the  county.  Conglomerate  I,  which 
Professor  Herrick  used  as  a  base  is  not  constant  in  texture  as 
in  the  central  part ;  it  is  not  sharply  marked  because  the  whole 
formation  is  often  largely  conglomerate.     Therefore  in  ascer- 


'Bull.  Sci.  Lab.  Denison  Univ.,  vol.  ii,  1887,  p.  15. 

^Loc.  cit.y  pp.  360,  361. 

'Bull.  Sci.  Lab.  Denison  Univ.,  vol.  iii,  p.  24. 

^Herrick  considered  Conglomerate  I  as  the  base  of  the  Black  Hand.  In 
speaking  of  the  section  exposed  in  Quarry  run  and  on  Stasel  Cliflfeast  of  Newark» 
Prossersays  :  * 'coarse  grained  buff  sandstones  extend 'for  about  sixty  feet  below 
the  base  of  Conglomerate  I,  at  which  horizon  is  the  most  marked  lithologic 
change  in  the  rocks,  and  the  base  of  these  sandstones  has  been  selected  as  the 
line  of  division  between  the  Black  Hand  and  Cuyahoga  formations.*'  (The  Am. 
Geologist,  vol.  xxxiv,  1904.  pp.  359-360). 
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taining  dip  we  were  guided  usually  by  the  contact  with  overly- 
ing Logan.  The  eastern  dip  which  is  lower  in  Perry  township 
than  a  few  miles  west  may  be  due  to  proximity  to  the  axis  of 
the  Claylick  anticline.^ 

3.  Logan  Formation.  The  greatest  thickness  of  the 
Logan,  measured  in  the  southern  part  of  the  township,  is  about 
120  feet;  this  formation  also  appears  to  thin  northward.  In 
texture  the  Logan  here  accords  with  the  descriptions  found  in 
the  literature.^  It  was  noted,  however,  that  in  the  upper  lay- 
ers many  ironstone  concretions  appear  ;  in  two  localities  thin 
beds  of  ferruginous  shale  outcrop. 

When  the  overlying  Pottsville  does  not  appear  in  the  usu- 
al coarse  conglomerate  phase,  its  contact  with  the  Logan  is  not 
sharp.  In  ascending  a  section  of  the  Logan,  the  presence  of 
nodulary  iron  masses  denotes  proximity  to  the  Sharon  member 
of  the  Pottsville. 

On  the  hill  road  running  northwest  from  Perryton  is 
found  perhaps  the  most  accessible  section  of  the  Logan  in 
the  township.  Here  it  is  79  feet  thick,  aneroid  measure- 
ment, the  top  of  the  Black  Hand  being  found  at  the  first  house 
to  the  north  after  descending  the  west  slope  No  stream-made 
section  of  the  Logan  was  noted  ;  but  it  is  surface  rock  along 
nearly  all  highways  leading  away  from  the  Wakatomaka  valley. 

4.  Pottsville  Formation.  Commencing  with  the  Shar- 
on conglomerate  overlying  the  Logan,  we  have  measured  225 
feet  of  Pottsville.  In  ascending  order  the  formation  may  be  de- 
scribed thus:  A  conglomerate,  locally  called  * 'peanut  stone," 
with  quartzite  and  other  pebbles  sometimes  very  coarse ;  in 
northwest  part  of  the  township  near  the  Rocky  Fork,  conglom- 
erate units  weighing  about  two  and  one-half  pounds  were  found. 
Fire  clay  overlain  by  shale  beds  frequently  carbonaceous  follows; 
then  come  sand  and  shale  layers  with  iron  nodules  followed  oft- 
en by  white  micaceous  sandstone.      In  one  place,  on  the  farm 


*Bull.  Sci.  Lab.  Denison  Univ.,  vol.  iii,  p.  24. 

'Prosser.  Jour.  Geol.  vol.  ix,  1901,  pp.  230-231. 

Andrews.  Geol.  Surv.  Ohio,  Rept.  Prog.  (1869),  Part  II.  p.  76. 
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of  Samuel  Wise,  a  little  east  of  Claggett's  Hill,  was  noted  a 
fourteen  inch  seam  of  coal  which  has  been  worked  some ;  suc- 
ceeding this  in  vertical  section  are  fire  clay,  thin  bedded  sandy 
layers,  and,  25  feet  above  the  coal  seam,  in  Mr.  Wise's  cellar 
(a  house  just  constructed)  a  "coal  blossom."  On  elevations 
above  this  point  conspicuous  conglomerate  strata,  but  not  so 
coarse  as  much  of  the  Sharon,  again  appear ;  this  second  hori- 
zon of  conglomerate,  if  not  too  local  in  distribution,  might  mark 
one  boundary  of  another  member  of  the  Pottsville  formation, 
to  the  upper  part  of  which  the  Ohio  Survey  has  not  given  final 
classification^ 

In  the  hill  region  south  of  Perryton  carbonaceous  shales 
were  also  noted  below  the  Sharon  conglomerate,  which  in  this 
locality  forms  a  pronounced  escarpment  (Fig.  4). 

The  maximum  thickness  of  the  Pottsville  in  Perry  town- 
ship is  about  225  feet.  The  highest  and  lowest  beds  of  the 
formation  are  conglomerate  ;  the  succession  of  intervening  lay- 
ers is  not  constant. 

Summary.  In  character  the  rocks  of  this  township  are 
prevailingly  coarse.  Streams  from  the  Logan  areas  deposit 
some  clay,  but  sandy  highways  are  the  rule.  The  two  marked 
conglomerate  phases,  the  Black  Hand  and  the  Sharon,  stand  out 
as  shoulders  in  the  degraded  slopes. 

Careful  search  was  made  for  any  trace  of  the  Maxville 
limestone.  In  a  few  places  a  hard,  fine-textured  rock,  light  in 
color,  was  found  at  the  proper  horizon  for  the  Maxville ;  but  in 
most  cases  the  rock  gave  no  response  to  a  lime  test ;  in  only 
two  instances  was  there  even  a  slight  effervescence. 

TOPOGRAPHY. 

The  region  is  maturely  dissected  ;  nowhere  can  one  find  a 
mile  of  unbroken  divide.  For  the  most  part  the  surface  is  cut 
up  into  contiguous  inverted  bowl-like  topography.  The  meth- 
od of  degradation  which  has  produced  this  result  is  probably 
complex ;  the  same  weathering  agents  at  work  elsewhere  in  a 


*Pros5er.  Bull.  Geol.  Surv.  Ohio,  Fourth  Series,  No.  7  (1905)  p.  13. 
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similar  climate  have  not  always  given  like  surface  features. 
The  stratigraphy  of  the  area  has  been  the  important  control  in 
•the  topographic  effects  of  weathering. 

In  the  rocks  of  this  area  chemical  weathering  evidently  has 
been  active  ever  since  the  appearance  of  vegetation  to  decay. 
Silica  is  the  only  cement  noted  in  the  sandstones  and  conglom- 
erates. Along  the  outcrops  of  the  Black  Hand  and  Sharon, 
'•honey  combed*'^  surfaces  (Fig.  5),  and  pronounced  reentrant 
angles  in  lines  of  major  joints,  show  the  corrosive  work  that  is 
being  done  today.  In  the  Black  Hand  one  mile  south  of  Re- 
form, and  in  the  Sharon  three  miles  south  of  Perryton,  masses 
of  rock  thirty  to  forty  feet  in  maximum  length  and  ten  feet  or 
more  in  width  have  been  detached  and  are  working  down  the 
slopes  because  of  the  widening  of  major  joint  planes  slightly 
oblique  and  parallel  to  face  of  cliff,  the  exposed  surface  becom- 
ing the  face  of  the  new  escarpment  (Fig.  6). 

Since  sandstone  is  so  common,  and  so  irregular  in  its  bed- 
ding, there  is  no  uniformity  in  position  of  the  water  table. 
Springs  appear  on  the  surface  with  Httle  system.  These  springs 
have  rendered  the  slopes  quite  uneven  ;  apparently  they  have 
had  an  important  part  in  bringing  about  the  prevailingly  cren- 
ate  form  of  divide. 

The  angle  of  surface  slopes  generally  reveals  the  rock  for- 
mation present  The  Logan  slope  is  typical ;  while  the  sharp- 
er declines  mark  position  of  the  coarser  rock  structures.  The 
gentler  slopes  of  the  former  (Fig.  7)  are  often  dotted  with 
blocks  of  the  latter  which  are  slowly  weathering  as  they  creep 
down  the  grade. 

The  major  valley  of  the  township  is  occupied  by  the 
Wakatomaka  Creek  which  flows  from  the  south  central  part 
northward,  then  at  an  angle  of  some  forty  degrees  east  of  north 
continues  past  Perryton  entering  Muskingum  county.  Two 
tributary  valleys  from  the  north  enter  this  valley,  one  heading 
in  the  Claggett's  hill  area,  locally  called  the  "Highlands,"  the 
other  reaching  into  Fallsbury   township.     The  valley  of  the 


'Andrews.  Loc.  cit.  p.  76. 
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Rocky  Fork,  crossing  the  township  twice,  has  already  been 
alluded  to.  A  tributary  stream  comes  from  the  south  joining 
the  major  valley  near  Perryton. 

These  valleys  are  not  uniformly  concordant,  a  condition 
discussed  under  Drainage.  We  do  not  know  the  exact  depth 
to  which  they  have  been  incised.  An  altitude  of  about  400 
feet  was  measured  between  the  greatest  elevation,  Claggett's 
Hill,  and  the  lowest  flood-plain,  the  point  where  the  Wakatom- 
aka  leaves  the  township.  But  the  present  vertical  range  in  al- 
titude falls  much  short  of  representing  the  maximum  work  done 
by  erosional  factors.  We  have  no  borings  giving  complete 
cross-sections  of  the  drainage  lines,  therefore  the  exact  depth 
of  their  aggraded  materials  cannot  be  stated. 

Weathering  and  degradation  have  proceeded  so  far  that  we 
have  no  long  ridges  or  divides.  Conditions  inherent  in  the 
stratigraphy,  important  among  which  is  the  variation  in  rock 
texture  along  both  vertical  and  horizontal  lines,  have  aided  in 
accomplishing  the  topographic  features  described. 

GLACIATION. 

All  evidence  found  points  to  the  conclusin  that  ice  never 
moved  into  this  township  from  the  west,  north,  or  east.  We 
find  columnar  remnants  (Fig.  8)  of  once  continuous  escarp- 
ments that  could  not  have  withstood  the  over-riding  of  ice. 
Residual  soil  in  place  is  constant  on  slopes  exposed  to  ice  mov- 
ing in  from  any  of  these  directions  (Fig.  9).  We  find  no  for- 
eign boulders  that  could  have  been  brought  in  by  ice,  except 
in  southwest  corner  of  the  township  in  the  flood-plain  material 
along  the  Rocky  Fork.  Furthermore  the  valley  filling  of  the 
streams  is  local. 

In  the  south  central  part  of  the  township  is  glacial-carried 
deposit;  this  accumulation  is  continuons  with  the  drift  about 
Hanover.  Towards  its  northern  margin  this  drift  area  is  made 
up  of  assorted  materials  as  if  deposited  by  water  moving  rather 
freely  in  the  direction  of  Perryton ;  in  this  marginal  section  we 
do  not  find  any  immediately  ice-front  drift,  or  till ;  and  the  drift 
thickens  as  we  go  southward  in  the  direction  of  Hanover.    The 
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evidence  points  to  the  existence  of  a  tongue  of  ice  extending 
from  the  vicinity  of  Hanover  northward,  reaching  possibly  a 
mile  into  Perry  township.  Furthermore  there  is  evidence  of 
one,  and  possibly  two  halts  of  this  ice-tongue. 


DRAINAGE. 

Since  drainage  problems  are  seldom  localized,  little  can  be 
accomplished  in  considering  the  drainage  of  a  restricted  area. 
But  in  this  region  of  about  25  square  miles  we  find  one  or  two 
points  that  will  be  of  use  in  investigations  including  adjacent 
territory. 

The  major  stream  of  the  township,  the  Wakatomaka,  rises 
in  the  drift  just  considered ;  its  headward  work  is  slight  save  that 
accomplished  through  heavy  rains  and  at  flood  seasons.  At 
two  places  only  is  it  on  or  near  rock  (Plates  3  and  4).  It  occu- 
pies a  valley  cut  down  possibly  into  the  Cuyahoga ;  this  valley 
is  irregular  in  width ;  for  about  a  mile  either  way  from  Perryton 
it  is  very  mature,  being  constantly  a  mile  and  sometimes  one 
and  a  half  miles  wide.  Northeast  of  Perryton  the  valley,  swing- 
ing into  Muskingum  county,  narrows.  Near  the  county  line 
this  branch  of  the  Wakatomaka  joins  another  arm  which  rises 
near  Bladensburg,  Knox  Co.  The  Wakatomaka  is  a  tributary 
of  the  Muskingum  river,  uniting  with  it  at  Dresden. 

From  the  north  the  Perry  township  arm  of  the  Wakatom- 
aka receives  several  tributaries  ;  the  largest  of  these  flows  from 
the  central  part  of  Fallsburg  township,  another  rises  north  of 
Reform.  Both  the  major  stream  and  these  tributaries  have 
flood-plains,  and  present  other  evidences  of  an  advanced  stage 
in  the  erosion  cycle. 

Plate  3  gives  a  detail  of  drainage  about  one  mile  south  of 
Reform.  The  Black  Hand  cliffs  exposed  attain  a.  maximum 
height  of  32  feet ;  we  have  here  the  coarse  conglomerate  phase 
of  the  formation.  From  all  evidence  available  these  cliflFs,  pro- 
duced by  steam  work,  weather  slowly.  North  of  the  highway 
on  the  east,  the  patched  appearance  of  this  outcrop  is  due  in 
part  to  talus  from  the  overlying  Logan  ;  while  the  two  isolated 
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rock  areas  just  south  of  this  road  evidently  are  remnants  from 
stream  erosion. 

A  recent  well  boring  at  i,  on  the  farm  of  C.  E.  Smith, 
throws  much  light  on  the  shape  of  the  valley  floor  here.  This 
boring  passed  through  198  feet  10  inches  of  stream  gravels  (as 
reported  by  the  owner)  before  reaching  rock ;  it  stands  296  feet 
from  the  cliff  M,  and  is  574  feet  from  the  rock  remnant,  N.  The 


/   LO<AT/0il40  IMMtl. 


PLAT£3 


upper  cross-section  through  M-N  is  drawn  according  to  these 
figures ;  while  the  lower  cross-section  is  drawn  through  M-P, 
the  mouth  of  the  tributary  valley  from  the  west. 

Cliffs  of  the  Black  Hand  conglomerate,  in  one  place  on 
west  side  of  valley  40  feet  high,  appear  in  patches  on  the  way 
north  to  Reform.     But  these  lines  of  cliffs  do  not  converge  reg- 
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ularly  northward  ;this  valley  swells  and  contracts  as  already  not- 
ed in  the  major  valley. 

Cliffs  of  the  same  formation  lie  just  west  of  the  road  lead- 
ing south  towards  Hanover.  Proceeding  in  this  direction,  at 
the  next  highway  which  turns  west,  we  find  a  repetition  of  the 
conditions  recorded  west  of  the  north-south  road  in  Plate  3. 
But  here  the  valley  coming  from  the  west  is  not  so  mature ;  its 
eastward  flaring  cliffs  of  conglomerate,   while  not  so  far  apart, 


¥»mrtti  «C4A« 
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are  as  high  as  in  the  case  above ;  and  within  one-half  mile  of 
the  north-south  road  the  brook  which  now  occupies  this  valley 
cascades,  marking  the  limit  of  dissection  of  the  Black  Hand  in 
this  direction.  We  have  here  also,  in  a  position  corresponding 
to  the  location  of  the  well  in  Plate  3,  on  the  farm  of  Z.  H.  Mc- 
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Knight  a  well  (No.  2  in  Plate  4),  standing  about  50  feet  east  of 
the  cliff,  which  reaches  rock  after  passing  through  81  feet  of 
aggraded  materials.  It  is  evident  that  the  rock  wall  here  drops 
off  rather  sharply,  a  repetition  of  the  gorge  characteristics  illus- 
trated in  the  cross-sections  of  Plate  3. 

At  the  second  house  south  of  well  No.  2,  Mr.  McKnight 
has  driven  another  well  which  reaches  rock  at  78  feet;  this  well, 
marked  No.  3  on  Plate  4,  stands  a  few  rods  farther  west  than 
does  No.  2.  On  the  next  highway  east  is  well  No.  4,  nearly 
in  an  east-west  line  with  No.  3,  on  the  property  of  H.  S.  Mont- 
gomery. After  going  through  1 29  feet  of  gravel,  sand,  and 
clay  this  well  reaches  rock. 

The  curb  of  No.  2  is  65  feet  below  the  crest  of  the  drift  to 
the  east;  that  of  No.  3  is  35  feet  below,  while  No.  4  stands 
about  18  feet  lower  than  the  top  of  the  drift.  Plate  4  gives  a 
cross-section  of  the  valley  passing  through  wells  3  and  4,  show- 
ing the  probable  outline  of  the  valley  floor.  The  great  mass 
of  drift  here  shown  is  a  continuation  of  Leverett's  Hanover  Dam.^ 
In  the  valley  included  in  the  region  of  these  wells,  stream  ero- 
sion has  exposed  in  the  drift  a  measurable  thickness  of  90  feet ; 
this  depth  with  the  record  of  No.  4  gives  the  drift  an  establish- 
ed thickness  of  147  feet.  But  the  drift  here  is  presumably 
much  thicker  since  it  occupies  a  valley  the  rock  walls  of  which, 
at  this  point  240  rods  apart,  flare  southward  into  a  wider  valley, 
an  old  drainage  line  which  Tight*,  in  his  work  on  restored 
drainage,  connects  with  the  Scioto  basin. 

We  have  here,    then,  an  obvious  instance  of  drainage  re- 


*U.  S.  Geol.  Surv.,  Monograph  xli,  p.  260,  and  p.  286. 

''Bull.  Sci.  Lab.  Denison  Univ.,  vol.  viii.,  part  II,  p.  47. 

Speaking  of  the  old  east-west  valley  Tight  says,  on  page  43  :     "The  line  of 

Waverly  hills ,     which  form  the  northern  wall  of 

this  broad  valley, ,  can  be  traced  as  an  unbroken  ridge  to 

the  east It  is   divided   north   of  Hanover   by  Rock  Fork 

Creek  and  north  of  Frazersburg  by  Wakalomaka  Creek,  both  small  streams  with 
narrow  V  shaped  valleys."  No  mention  is  made  of  the  broad  buried  valley  from 
Perryton  coming  into  "this  pre-Glacial  stream,  for  which  the  name  Newark  Riv- 
er is  suggested."  (This  last  quotation  is  also  from  Tight,  Professional  Papcr^ 
No.  13,  U.  S.  G.  S..  p.  18.) 
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versal ;  and  an  equally  obvious  cause  for  the  reversal  is  sug- 
gested in  the  glacial  dam.^  Although  the  drift  deposits  com- 
pletely fill  the  valley  at  the  point  of  its  debouchure  into  the 
broader  east-west  valley,  thus  affording  the  requisite  conditions 
for  a  ponded  water  body  that  would  rise  to  a  spill-way  some- 
where about  its  rim,  yet  a  field  study  of  the  basin  that  must 
have  been  involved  in  such  a  static  body  suggests  the  advisa- 
bility of  considering  other  causes  that  might  produce  the  same 
reversed  drainage. 

The  tributary  valleys  of  this  hypothecated  lake-basin  were 
£avorable  to  the  formation  of  deltas  ;  but  no  deltas  exist  any- 
where about  the  basin.  The  irregularly  dissected  shores  fur- 
nish numerous  profiles  to  register  wave  work  in  the  formation 
of  cliffs  and  bars ;  but  we  find  neither.  The  absence  of  clays 
suggests  that  a  lake  could  have  existed  here  but  a  short  time, 
if  at  all.  Furthermore  the  valley-train  frontal  appearance  of 
the  drift  area,  which  constitutes  the  glacial  dam,  is  evidence 
pointing  to  the  same  conclusion  as  does  this  absence  of  shore 
phenomena. 

Whatever  cause  has  effected  the  reversal,  the  stratigraphy 
of  the  area  has  been  an  important  control  in  the  working  out  of 
that  cause.  The  original  horizontal  beds  in  this  part  of  the 
State  are  undisturbed  save  for  broad  low  folds  decreasingly 
characteristic  as  we  come  westward  from  the  axis  of  the  Appal- 
achian movement.  In  vertical  section,  however,  (Plate  2,)  the 
formations  in  eastern  Licking  county  at  least  are  sharply  differ- 
ent in  texture,  hence  in  capacity  to  resist  denudation. 

The  Sharon  conglomerate  apparently  marks  the  limit  of 
down-cutting  reached  in  the  Cretaceous  base-level  cycle.  This 
formation  is  underlain  by  the  thin  bedded  sands  and  sandy 
shales  of  the  Logan.  Stream  erosion  was  held  up  by  the  coarse 
silica-cemented  Sharon,  but  after  this  conglomerate  horizon  had 
been  incised,  erosion  proceeded  more  easily  in  the  Logan  ;  and 
through  planation   the  Sharon  cliffs  were  undercut  thus  widen- 


»Clark,  W.  B.     Bull.  Sci.  Lab.  Denison  Univ.  vol.  xii,  p.  8. 
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ing  the  stream  valleys.  Further  cutting  in  the  Logan  develop- 
ed easy  slopes  down  which  Sharon  blocks  are  still  creeping. 

And  erosion  was  again  retarded  whenever  encountering 
the  coarse  phase  of  the  Black'  Hand  conglomerate,  the  phase 
that  predominates  in  Perry  township.^ 

Still  another  factor  has^had  much  to  do,  as  already  intimat- 
ed, in  producing  the  present  drainage  topography :  These 
conglomerate  and  coarse  sandstone  horizons  lack  homc^eneity 
in  both  vertical  and  horizontal  sections.  Since  the  maximum 
thickness  of  either  formation  is  not  over  225  feet,  the  vertical 
changes  in  texture  are  not  of  controlling  importance ;  but  the 
variations  in  horizontal  extension  is  important.  This  control 
is  manifest  in  the  short  and  disproportionately  wide  tributaries, 
in  the  contraction  and  expansion  of  valleys,  in  the  distinct  vari- 
ations in  angle  of  slopes,  and  in  the  crenate  form  of  divide. 

Therefore  the  fact  that  a  tributary  is  as  wide  or  even  wid- 
er than  the  major  valley,  and  that  a  stream  is  flowing  through 
a  narrow  reach  in  a  valley  which  broadens  both  up  and  down 
stream,  may  or  may  not  be  evidence  of  drainage  reversal.  Such 
a  relationship  of  valleys,  or  of  streams  to  their  valleys,  may  be 
the  normal  result  of  drainage  development  in  the  lower  Carbon- 
iferous. 


/• 


^  ^In  the  central  and  western  piirts  of  Licking  county  the  Black  Hand  forma- 
tion is  finer  in  texture  and  contains  more  thin  layers ;  this  condition  is  noted  in 
quarries  about  Newark  and  Granville. 
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VALLEY  DEPENDENCIES  OF  THE  SCIOTO  ILLINOIAN 
LOBE  IN  LICKING  COUNTY,  OHIO/ 


Frank  Carney. 


Leverett  classifies  the  drift  of  eastern  Licking  County  as  Illin- 
oian.  He  says:  The  Illinoian  deposits  are  much  heavier  in  val- 
leys than  on  uplands,  and  there  is  a  marked  sinuosity  of  margin 
to  conform  to  the  topographic  conditions/  The  observations  de- 
scribed in  this  paper  were  undertaken  in  part  to  give  closer  defi- 
nition to  the  extent  of  the  topographic  control  to  which  Leverett 
refers.  The  paper  attempts  to  show  that  the  Scioto  lobe  on  this 
part  of  its  eastern  margin,  where  it  reached  out  over  the  more 
rugged  topography  of  the  coarser  Mississippian  and  Pennsyl- 
vanian  formations,  was  affected  by  valley  dependencies.  It  is  felt 
that  a  detailed  study  of  the  marginal  areas  may  add  to  our  knowl- 
edge of  the  exact  shape  of  the  ice-front  at  the  time  of  its  maximum 
extension. 

MARGIN  OF  THE  ILLINOIAN  DRIFT. 

In  central  Ohio, — The  general  location  of  the  Illinoian  sheet, 
according  to  I^everett,*  reflects  the  influence  of  great  basins  in  the 
topography  farther  north^  the  Huron-Erie  basin  probably  con- 
trolling its  extension  into  the  tract  now  drained  by  the  Scioto 
River.  That  the  extreme  reach  of  the  Illinoian  ice  in  the  southern 
part  of  the  state — i.  e.,  where  it  crosses  the  Ohio  River  in  Brown 
County — is  due  to  a  combination  of  controls,  seems  likely. 

Fig.  1  gives  the  results  of  Leverett's  mapping  of  the  Illinoian 
ice  in  Ohio.  It  appears  that  in  one  general  locality  on  ifche  eastern 
side  of  the  Scioto  lowland  the  ice  manifested  a  tendency  to  pro- 
trude, as  is  shown  by  the  curve  southwest  of  Muskingum  County ; 
another  evidence  of  this  impulse  is  seen  (Fig.  2),  just  north  of 
this  convexity,  in  the  valley  dependencies  reaching  beyond  the 
body  of  the  ice-field,  described  in  the  present  paper.    This  later 


*  Reprinted  from  the  Journal  of  Geology,  Vol.  XV,  No.  5,  July-August,  1907. 

*  Olacial  FormaUona  of  the  EHe  and  Ohio  Basins;    XLI  Monograph,  U.  S. 
Geological  Survey  (1902),  p.  222. 

•Ibid.,  p.  226. 
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and  more  leisurely  field-study  gives  greater  prominence  and  ex- 
actness to  this  curve  of  local  lobation  first  examined  by  Leverett 

In  Licking  County. — Save  in  the  valleys,  the  Illinoian  drift 
near  its  front  is  so  attenua^ted  that  mapping  it  is  a  problem  of 
elimination,  or  the  careful  study  of  the  rather  maturely  dissected 
divide  areas.  The  lesser  details  of  topography  in  the  marginal 
zone  appear  to  have  had  slight  influence  on  the  outline  of  the  ice- 
front,  while  obviously  exercising  a  considerable  control  over  the 
duration  of  the  ice  in  its  position  of  maximum  reach.  This  latter 
fact  necessitates  patient  observation,  particularly  where  the  strati- 
graphy did  not  encourage  diflferential-weathering  effects  previous 
to  glaciation ;  it  is  evident  that  on  slopes  of  heterogeneous  rock 
structure  facing  the  direction  of  ice-movement,  benches  of  the 
more  resistant  formations,  weathered  into  semi-detached  spires 
and  blocks,*  would  have  suffered  some  from  ice-work,  even  though 
the  products  of  residual  decay  did  not  receive  a  noticeable  admix- 
ture of  glacial  drift.  But  among  the  hills,  where  the  rock  struc- 
ture is  more  uniform,  and  the  weathered  slopes  correspondingly 
even,  the  absence  of  foreign  material  must  be  established  before 
drawing  the  drift-line;  and  in  these  higher  areas  an  unexpected 
localization  of  erratics  surrounded  completely  by  territory  in  which 
the  most  diligent  search  has  not  revealed  any  evidence  of  glaciation 
is  somewhat  puzzling,  but  very  convincing  of  the  fact  that  the  final 
demarkation  of  the  glacial  boundary  is  a  problem  of  time. 

In  establishing  the  relationship  of  these  valley  dependencies  of 
the  Illinoian  ice-sheet  to  the  Scioto  lobe,  and  in  determining 
whether  they  are  tongue-like  extensions  of  the  ice-mass  at  its 
period  of  greatest  development,  or  at  a  later  retreatal  stage,  three 
townships.  Perry,  Hanover,  and  Mary  Ann,  of  Licking  County, 
have  been  carefully  studied,  while  like  attention  has  been  given 
to  portions  of  adjacent  townships.  In  valleys  trending  in  general 
with  the  direction  of  ice-movement,  the  problem  is  one  of  distin- 
guishing the  unmodified  drift  from  the  deposits  of  entirely  extra- 
glacial  waters,  and  of  determining  the  drift-covered  portion  of  the 
valley  walls. 


^  F.  Carney.  Bulletins  of  Denison  University,  Vol.  XIII  (1906).  p.  124. 
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It  has  been  established  that  ice  did  not  enter  Perry  township 
(Fig.  2)  from  the  north  or  west,*  and  that  the  township  was  not 
glaciated  save  for  the  presence  of  a  lateral  tongue  reaching  north- 
ward from  the  valley  lobe  that  extended  eastward  into  Muskingum 
County  (Fig.  3).'  Less  than  one-half  of  the  next  township  west, 
Mary  Ann,  was  covered  by  ice ;  this  ice  had  a  very  irregular  front. 
The  conspicuous  drift  knolls  at  Wilkins  Run  are  alluded  to  by 
Wright,'  and  by  Leverett.*  One  of  the  most  typical  valley  trains 
of  this  region  was  built  into  the  mature  valley  southwest  of  Wilkins 
Run. 

The  southeast  corner  of  Eden  Township  was  not  glaciated ;  but 
the  front  of  the  ice  has  not  been  traced  in  detail  through  this  town- 
ship, nor  into  Fallsburg.  A  small  portion  of  the  northeast  corner 
of  Madison  Township  was  not  covered  by  ice.  The  outline  of  the 
drift  in  Hanover  Township  is  considered  in  the  following  section. 
Southward  into  Hopewell  Township  the  margin  of  the  ice  has 
been  traced  in  detail  for  only  a  short  distance. 

VALLEY  DEPENDENCIES. 

At  Wilkins  Run, — A  tongue  of  ice  about  one  and  seven-tenths 
miles  long  reached  eastward  from  Wilkins  Run.  This  village  lies 
at  one  side  of  a  mature  valley  which  once  embraced  in  its  drain- 
age the  area  east  and  north,  the  region  now  constituting  the  head- 
waters of  the  Rocky  Fork ;   this  defunct  valley  opened  westward 


»  F.  Carney,  loc.  cit.,  p.  124. 

=*  Since  the  Bovernment  has  not  Issued  a  map  of  this  area,  the  writer,  ap- 
precIatinK  the  difficulty  that  one  not  acquainted  with  the  region  would  have  in 
visualizing  the  topography  deBcrlbed  In  the  paper,  has  attempted  to  represent  In 
contours  the  relief  of  the  section  alM>ut  Hanover.  No  travei^se  work  was  done: 
county  surveyor's  maps  were  u?ed  for  the  highways  and  horizontal  distances,  an 
attempt  being  made  to  correct  the  gro<»er  errors.  It  is  felt,  however,  that  the 
altitudes  in  reference  to  the  arbitrary  l>ench  mark  selected  have  been  estab- 
lished with  greater  accuracy.  I<'or  this  purpose  two  aneroids  were  used  :  these 
instruments  are  of  the  Fame  make,  and  for  over  a  year  have  shown  the  same 
variation  when  together.  During  the  progress  of  the  fleldwork  the  aneroids 
were  set  the  same  at  the  l>ench  each  morning;  the  one  kept  at  the  bench  was 
read  every  thirty  minutes.  The  time  at  which  readings  were  made  on  the  other 
instrument  in  the  field  was  recorded;  the  watches  were  also  set  aJlke  each 
morning.  At  night  the  field  readings  were  corrected  for  the  variations  shown 
by  the  bench  aneroid.     Many  critical  points  were  checked  several  times. 

•  Tfic  Glacial  Boumlary  of  Ohio,  Geological  Survey  of  Ohio,  Vol.  V  (1884), 
p.  755. 

*  fjQO,  at.,  p.  260, 
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into  the  valley  of  the  North  Fork  of  the  Licking  River,  and  be- 
longed to  the  ancient  Newark  River/ 

This  tongue-like  extension  of  the  ice  pushed  eastward  to  the 
point  where  the  valley  turns  to  the  north  ;  a  tributary  from  the  east 
which  joins  the  major  at  its  bend  to  the  north,  being  in  line  with 
the  feeding  ice,  was  blocked  also.  The  ice  reached  northward 
but  a  short  distance  beyond  this  angle ;  a  few  drift  knolls  mark  this 
brief  position.  A  halt  of  considerable  duration  was  made  after  the 
ice  had  retreated  to  a  position  bringing  the  north  side  of  the  valley 
tongue  directly  across  the  valley;  here  it  built  a  marginal  ridge 
averaging  90  to  95  feet  high,  at  no  point  lower  than  10  feet,  and 
about  500  feet  broad  at  the  base  (Fig.  4).  A  terrace  of  similar 
development  marks  the  outline  of  the  ice  against  the  walls  of  the 
valley  elsewhere,  except  in  front  of  the  tributary  valley,  mentioned 
above,  through  which  most  of  the  drainage  from  the  ice  was  led 
east  to  the  Rocky  Fork  valley.  It  is  evident  that  the  Rocky  Fork 
drainage  had  gained  control  of  the  mature  valley  long  previous  to 
its  being  occupied  by  this  ice. 

These  moraine  terraces,  best  developed  on  the  south  side  of  the 
valley,  are  very  conspicuous.  Commencing  across  the  valley  from 
the  hills  mentioned  by  Wright,'  a  terrace  of  the  aggradation  type 
reaches  half-way  up  the  valley  wall;  it  gradually  descends  east- 
ward, where  it  becomes  more  irregular  both  because  of  initial  dis- 
tribution and  of  subsequent  weathering.  The  line  of  demarkation 
between  this  drift  and  the  upward  slope  is  sharp. 

The  main  body  of  ice,  while  the  tongue  reached  eastward, 
maintained  a  position  nearly  north-south  for  a  few  miles  each  way 
from  Wilkins  Run.  North  of  this  place,  so  far  as  Mary  Ann 
Township  is  concerned,  the  retreat  of  the  ice-front  appears  to  have 
been  rapid,  and  there  is  no  evidence  that  the  valley  lobe  maintained 
intermediate  positions ;  but  the  old  valley  becoming  broader  south- 
west of  Wilkins  Run  encouraged  a  tongue-like  extension  of  ice 
at  the  next  halt  of  die  ice-field ;  the  well-developed  valley  train 
already  mentioned  was  formed  at  this  time. 

At  Hanover, — Here  we  have  a  much  wider  valley  than  the  case 


*  W.  G.  Tight,  PfofeasionoJ  Paper  No.   13^  TJ.  S,   Geological   Survey   (1903), 
p.  18. 

«  fjoc.  cit.,  p.  755. 
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just  citol.  The  tongue  of  the  ice  reached  alK>ut  six  miles  east- 
ward from  the  main  body  of  ice.  The  maximum  position  of  this 
valley  dependency  is  marked  by  typical  morainic  topography  (Fig. 
5),  with  a  contemporaneous  deposition  of  drift  against  the  side 
walls  of  the  valley,  which  above  the  glacial  debris  are  veneered 
with  rock  decay  m  situ.  The  line  of  demarkation  between  this 
drift  and  the  valley  wall  is  shown  very  conspicuously  on  the 
Hagerty  farm  southeast  of  the  21(5-foot  well  (Fig.  t^).  The  drift, 
judged  from  surface  appearance,  especially  east  of  the  Muskingum 
County  line,  is  rather  bowldry ;  no  very  large  bowlders  were  noted, 
but  their  fewness  may  be  accounted  for  by  the  fact  that  the  area 
has  long  been  under  cultivation. 

This  tongue-like  extension  of  the  ice  maintained  its  distal  po- 
sition for  some  time,  but  in  comparison  with  the  duration  of  re- 
treatal  positions  the  period  was  proportionately  brief.  At  the  sec- 
ond halt  the  alignment  of  the  drift  sugges-tts  a  tapering  of' the  ice- 
tongue;  this  form,  however,  is  not  seen  in  the  other  halts  (Fig. 
3,  //.  3,  4,  etc.),  because  of  the  contraction  that  exists  in  the  val- 
ley in  the  vicinity  of  Hanover.  So  long  as  the  ice  fed  actively 
through  this  narrow  part  it  broadened  some  in  the  wider  segment 
of  the  valley  beyond ;  only  in  this  latter  area  should  we  expect  to 
find  evidence  of  tapering  as  the  ice-movement  weakened. 

Moreover,  it  should  be  noted  that  the  distribution  of  the  drift 
in  this  valley  does  not  conform  to  the  pattern  usually  normal  to 
valleys^  which  encourage  tongue-like  extensions  from  the  ice  bor- 
der in  line  with  the  direction  of  the  deploying  ice.  The  east-west 
valley  passing  Hanover  is  unusual  in  that  it  has  a  composite  his- 
tory, the  most  obvious  feature  of  which,  that  it  was  formerly  the 
course  of  a  w-est-flowing  stream,  has  been  published.'  The  con- 
tinuity of  the  south  wall  of  the  valley  is  broken  by  gaps  ?X  A,  B, 
and  C  (Fig.  3),  representing  a  change  in  the  drainage-control  of 
the  region ;  the  presence  of  these  openings  allowed  free  drainage, 
particularly  in  the  case  of  A  and  C,  from  the  southern  side  of  the 
ice-tongue,  thus  removing  much  glacial  rubbish  that  otherwise 
would  have  remained  as  a  lateral  terrace  or  ridge. 


»  R.  S.  Tarr,  liullctins  of  the  aeologirnl  Society  of  America,  Vol.  XVI  (1905), 
pp.  218,   219. 

«  F.  Leverett,  loe.  cit.,  p.  155;  W.  (1.  Tight,  liHUetins  of  Denison  University, 
Vol.   VIII    (1894),  p    47. 
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Furthermore,  westward  from  Hanover  the  valley  grows 
broader ;  at  Newark,  a  distance  of  seven  miles,  it  is  about  two  miles 
between  the  rock  walls.  Consequently  as  the  margin  of  the  east- 
ern side  of  the  Scioto  lobe  assumed  new  positions  in  its  decline — 
a  long  halt  has  been  noted  in  the  vicinity  of  Newark' — this  valley 
dependency  persisted. 

The  details  of  the  drift  south  and  southwest  of  Claylick  have 
been  studied  for  two  miles,  showing  that  the  retreat  of  the  main 
body  of  the  ice  was  gradual,  and  apparently  maintaining  positions 
parallel  to  the  convex  margin  mapped  by  Leverett. 

SUMMARY. 

A  study  of  the  Illinoian  drift  in  this  broken  topography  of  the 
coarser-textured  and  more  resistant  formations  of  the  Mississip- 
pian  and  Pennsylvanian  periods  establishes  the  existence  of 
tongue-like  dependencies  of  the  Scioto  lobe  reaching  out  into  the 
eastward  trending  valleys. 

Gcoloi^ical  Department,  Denison  University,  Granville,  0., 
April,  1906. 


>  F.  leverett,  loc.  Ht.,  Plate  II. 
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Fii).  4.  I/ookinj^  south  of  west.  The  wooded  area  on  the  extreme  left  is 
rook,  as  is  also  the  shvpe  above  the  ImildiriKs  on  the  rl^ht.  The  Intervening  ridge 
of  drift  marks  the  position  of  the  Ice-tongue  that  extended  t^astward  from  Wilkins 
Uun. 


Fig.  5.    Moraine  which  marks  the  terminus  of  the  Hanover  valley  dependency. 
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THE  GLACIAL  DAM  AT  HANOVER,  OHIO. 


Frank  Carney. 


Thesis:  The  glacial  dam  at  Hanover  consists  of  peculiarly 
tied-together  drift  loops  made  by  successive  halts  of  a  retreating 
dependency  of  the  Scioto  Illinoian  lobe. 

INTRODUCTION. 

Leverett  calls  attention  to  the  mass  of  drift  which  blocks  the 
east-west  valley  at  Hanover.'  Other  writers  in  discussing  drain- 
age features  have  alhided  to  the  same  phenomenon.'  Wright 
does  not  include  this  part  of  Licking  County  within  the  drift.* 
Leverett's  map  (Fig.  1)  includes  within  the  drift  all  the  county 
save  a  narrow  strip,  convex  towards  the  ice,  along  its  eastern 
side.* 

STRATIGRAPHY. 

In  this  area  the  Missippian  and  Pennsylvanian  formations 
from  the  Cuyahoga  to  the  Sharon  of  the  Pottsville  are  exposed. 
The  lowest  of  these  formations  has  been  noted  in  but  two  localities. 
In  the  region  under  discussion  the  Black  Hand  formation  was 
first  studied,  and  named,  by  Hicks."  In  east-west  extension  from 
Claylick  to  Toboso,  and  northward  at  least  through  Perry  Town- 
ship,* this  formation  is  prevailingly  coarse,  often  conglomeritic ; 
westward  about   Xewark'  and   Granville   it  is   rather  coarse  in 


*  Frank  I-.everett,  ** Glacial  Formations  of  the  Erie  and  Ohio  Basins,"  XLI 
Monograph,  U.  S.  Geological  Survey   (1002),  pp.  155.  200,  286. 

»  W.   G.  Tight,  Bull.  8ci.  Lab.  Denison  Univ.,  Vol.  VIII    (1894),  pp.   .35-63. 
W.  B.  Clark,  Ihid.,  vol.  XII   (1902),  pp.  1-16. 

•  G.   F.   Wright,  **Tbe  Glacial   Boundary   in   Ohio,"   Oeolop.   fiurvey  of  Ohio, 
Vol.  V  (1884),  p.  755. 

*  Loc.  cit.,  plate  XIII. 

»  L.    K.    Hicks,    .4m.   Journal   of   Seirnvv,   3d    Series,    Vol.    XVI    (1878),    pp. 
216-217. 

•  F.  Carney,  "The  Geology  of  Perry  Township,"  Bull.  Sri.  Lab.  Denison  Uni- 
versity, Vol.  XIII   (1906),  p.  120. 

»  C.  8.  Prosser,  American  Geologist,  Vol.  XXXIV  (1904),  p.  359. 


Digitized  by  VjOOQ IC 


i40      iulUiin  of  Laboratories  of  £)enison  University,      [Vol.  Xllt 

patches,  and  som^imes  has  conglomerate  beds  of  considerable 
horizontal  extension,  yet  it  does  not  represent  as  constant  condi- 
tions of  se^linientation.  Consequently  in  the  Hanover  area,  the 
topographic  control  exercised  by  the  Black  Hand  formation  is 
very  important. 

The  development  of  the  Logan  in  this  region  is  normal.  Pro- 
fessor Prosser  has  studied  an  exposure,  which  is  typical,  at  the 
Brick  Plant  (Fig.  *^).'  This  formation  disintegrates  evenly, 
giving  gentle  slopes. 

No  outcrop  of  Maxville  limestone  was  found,  nor  was  this  for- 
mation noted  in  the  2^  square  miles  immediately  north  of  Hanover 
Township.' 

The  Sharon  conglomerate  caps  nearly  every  hill  reaching  an 
altitude  of  about  225  feet  above  the  bench  mark  (Fig.  3).  Much 
diversity  in  its  structure  is  noted ;  to  this  condition  is  due  the  fact 
that  we  find  in  close  proximity  hills  that  vary  20  to  40  feet  in  al- 
titude :  the  regular  extension  of  drainage  disintegration  would  not 
account  for  this  discrepancy. 

With  the  above  arrangement  of  rock  horizons :  a  conglomerate 
(Sharon,  250- feet)  underlain  by  thin  bedded  sandy  and  shaly 
layers  (f^ogan,  115-feet)  capping  a  conglomerate  (Black  Hand, 
100- feet)  which  in  turn  overlies  a  shale  formation  (Cuyahoga), 
we  have  a  vertical  succession  that  responds  irregularly  to  stream 
erosion.  Furthermore  with  the  horizontal  variations  character- 
istic of  the  two  coarse  formations  we  find  in  the  stratigraphy  of 
the  Hanover  area  another  factor  that  has  been  active  in  producing 
its  rather  unusual  rock  topography. 

PECULIARITIES    OF    DISSECTION. 

The  widest  and  apparently  the  oldest  valley  of  this  section  is 
the  one  now  blocked  across  by  the  Hanover  Dam.  This  valley  is 
explained  as  a  "preglacial''  west-flowing     drainage  line,  named 


»  C.   S.   Prosser,  Journal  of  Qro1of/t/,  Vol.  IX   (1901),  pp.  2:^0-2.31. 
-  F.  C:irney,  loc.  cit.,  p.   122. 
"  h".   Leverett,  tor.  rit.,  p.    ITi."*. 
W.  (J.  TiKbt,  Joe.  cit.,  p.  47. 
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"Newark  River."*  The  proximity  of  the  two  spurs,  one  from 
either  side  of  the  valley,  jus*  east  of  the  Hanover  Brick  Plant 
(Fig.  3),  and  the  fact  that  westward  toward  Newark  and  east- 
ward toward  Dresden  the  valley  grows  uniformly  wider,  sug- 
gests that  at  some  anterior  "preglacial"  time  two  streams  here 
headed  against  each  odier,  the  west-flowing  one  of  the  pair  captur- 
ing the  other. 

This  old  drainage  line  controls  from  the  north  two  tributary 
valleys,  one  of  which  now  carries  the  Rocky  Fork,  the  other  being 
filled  for  some  distance  northward  by  the  same  drift  material  that 
bars  the  major  valley.  This  latter  valley  is  more  mature  in  general 
aspect;  it  now  bears  a  stream  to  the  northeast,  probably  in  re- 
versed course.  The  Rocky  Fork  has  a  drainage  basin  extending 
about  15  miles  to  the  north ;  during  the  recession  of  the  ice  'sheet 
it  carried  an  abnormal  amount  of  water,  the  work  of  which  is  now 
seen  in  the  terraces  of  water-laid  drift  that  skirt  its  course. 

From  Toboso  eastward  is  a  valley  whose  maiturity  is  strik- 
ingly in  contrast  with  the  stream  it  now  bears.  The  aggraded 
glacial  outwash  materials  that  level  up  the  floor  of  this  valley, 
which  widens  to  the  east,  have  been  terraced  by  the  swinging 
meanders  of  a  stream  whose  volume  is  likewise  out  of  harmony 
with  the  Licking  River  which  joins  the  Muskingum  at  Zanes- 
ville. 

West  from  Toboso  for  two  miles  the  Licking  traverses  a  rock- 
walled  gorge  which  abruptly  expands  south  of  Hanover  into  a 
wide  valley  that  heads  aboirt:  two  miles  farther  south.  This  val- 
ley is  an  arm  of  the  old  drainage  line  already  described,  passing 
Hanover  westward  through  Newark. 

Connecting  these  two  east-west  lines  of  dissection  are  four 
gaps  in  the  rock  divide.  Three  of  these  gaps  cut  through  or  into 
the  Black  Hand  formation.  The  village  of  Hanover  lies  in  the 
most  western ;  the  other  three  are  designated  on  the  topographic 
map  (Fig.  3)  by  the  letters,  A,  B  and  C. 

The  Hanover  gap  is  Y-shaped,  one  branch  extending  toward 
the  Brick  Plant,  the  other  being  traversed  by  the  Rocky  Fork. 


»W.  G.  Tight,  Professional  Paper  No.  IS,  U.  S.  Geological  Survey   (1903), 
p.  18. 
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Gap  A  is  now  the  valley  of  a  slight  stream  which  rises  in  Perry 
Township.  This  creek  is  rock  bound  at  a  point  just  southwest  of 
Boston  Corners  where  the  ice  so  abutted  the  nose  of  a  spur  that 
the  drainage  was  forced  across  it  thus  cutting  a  channel  which 
has  held  the  stream  since.  From  this  point  southward  almost  to 
its  intersection  with  the  highway,  the  creek  skirts  the  conglomer- 
ate cliffs  of  the  Black  Hand.  Throughout  most  of  its  course, 
however,  the  washings  from  the  ice  front  have  obscured  the  lower 
contours  of  the  valley  represented  by  A. 

The  next  gap,  B,  is  not  so  pronounced  in  its  rock  t(^)ography 
as  the  two  cases  just  described.  The  hills  immediately  east  and 
west  (Fig.  6)  are  rock;  the  area  intervening,  and  to  the  north, 
is  buried  with  drift.  Even  with  a  moderate  thickness  of  drift — 
a  welf  at  Boston  Corners  shows  50  feet  and  no  rock — it  is  obvious 
that  the  rock  rim  of  the  divide  dropping  into  the  filled  valley  north 
is  very  much  lower  than  the  row  of  rock  hills  which  the  ice- 
margin  skirts  eastward.  B  then  marks  a  gap  of  the  same  kind 
but  not  of  the  same  degree  as  the  others. 


Fig.  6.  Looking  a  little  north  of  east  from  the  top  of  the  west  wall  of  gap 
A.  The  curve  In  the  traction  line  is  in  front  of  the  southern  end  of  gap  B.  The 
stream  of  A  now  enters  B  through  a  rock  channel  at  foot  of  the  wooded  slope 
in  right  foreground ;  the  camera  stands  about  200  feet  above  this  cbannel,  hence 
the  picture  does  not  show  the  former  course  of  this  stream. 
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C  is  the  widest  and  presumably  the  deepest  of  these  gaps.  It 
too  is  dogged  with  drift;  when  viewed  from  the  moraine  hills 
north,  the  washplain  origin  of  this  aggraded  deposit  is  evident. 
Its  southern  margin,  that  is,  its  line  of  contact  with  the  flood 
plain  area  of  the  Licking  valley,  is  sharply  terraced,  thus  establish- 
ing a  neighboring  base-level  that  has  encouraged  subaerial  dis- 
section; as  a  result  the  washplain  is  somewhat  roughened  by  the 
work  of  streamlets.  This  gap,  C,  represents  long-continued 
lateral  planation  work  of  some  stream,  probably  south-flowing; 
its  sides  have  mature  slopes  (Fig.  7)  ;  its  aggraded  bed  has  about 
the  same  level  as  has  the  outwash  plain  reaching  eastward  in  the 
valley  of  the  ancient  Newark  River. 

DISTRIBUTION  AND  DESCRIPTION  OF  THE  DRIFT.  . 

The  area  within  the  broken  line,  "ice  margin,"  (Fig.  3),  in- 
cludes the  deposits  of  unmodified  drift;  within  this  area  there  is 
also  much  washed  drift,  while  outside  the  line  we  find  only  water- 
laid  deposits. 

Modified  drift  is  found  in  all  the  valleys  enumerated  under  the 
preceding  section  of  this  paper.  In  portions  of  these  valleys  ad- 
jacent to  the  ice  front,  the  drift  is  of  the  outwash-plain  type.* 

1 


Fig.  7.  Looking  directly  north  through  gap  (7.  Camera  stands  on  south  wall 
of  the  Licking  about  180  feet  above  the  stream.  The  sky-line  of  the  middle 
distance  is  the  north  wall  of  the  old  east- west  (Newark)  valley. 
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Elsewhere  through  these  valleys  it  constitutes  their  fl(X)d  plains 
so  far  as  may  be  observed  in  the  old  terraces,  in  the  erosion  of 
the  laterals  crossing  the  flood  plains,  and  in  the  notch  made  by  the 
present  major  streams  traversing  them.  The  further  distribution 
of  washed  drift  in  this  part  of  the  State  has  been  described  by 
Leverett.* 

In  topography  the  drift  of  this  region  presents  some  interest- 
ing features.  Near  the  western  edge  of  the  area,  just  off  the  map 
(Fig.  3)  in  Madison  Township,  the  moraine  is  quite  kame-like. 
The  low  place  now  crossed  by  the  Rocky  Fork  (Fig.  8)  is  due  in 


Fig.  8.  Looking  nortb  of  east  over  the  Inner  slope  of  halt  5.  The  steep 
slope  on  the  tight  is  roclc  which  lies  within  the  Y-shaped  gap  at  Hanover  (p. 141). 
The  slcy  line  is  the  north  wall  of  the  "Newark  River"  valley ;  the  stream  In  the 
foreground  is  the  Uocky  Fork. 

part  to  the  removal  of  the  drift  by  the  augmented  drainage  from 
the  ice-front  north  and  west ;  this  stream  has  terraced  the  drift 
east  of  the  highway,  thus  possibly  over-steepening  the  slope  there, 
but  the  low  sag  is  the  result  rather  of  rapid  melting  of  the  ice- 
tongue. 

Proceeding  eastward  the  highway  rises  about  100  feet,  then 
crosses  a  level  delta-like  stretch  of  drift.    The  surface  is  mildly 


» hoc.  oit.,  p.  167. 
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undulating,  rarely  having  a  vertical  range  of  20  feet.  The  sur- 
face material  is  rather  fine,  and  as  revealed  in  sections  is  some- 
times water-laid;  unassorted  sections  also  appear.  The  highway 
leading  north  from  the  Brick  Plant  crosses  four  distinct  channels 
(Fig.  9),  which  have  neither  the  form  nor  the  relative  location 
of  normal  erosion  channels ;  they  are  interpreted  as  made  by  ice- 
front  streams.  East  of  the  highway,  and  about  half  the  distance 
between  the  Brick  Plant  and  the  first  road  leading  eastward, 
the  drift  assumes  a  sharp  morainic  aspect.  The  level-topped  area 
west  of  the  highway  continues  northward  in  the  valley  extending 
into  Perry  Township;  here  too  the  delta-like  appearance  blends 
into  more  irregular  forms  of  the  drift,  suggesting  intervals  of  re- 
treating and  stationary  positions  of  the  lateral  tongue  which  fed 
into  this  side  valley. 

In  eastward  continuation  we  have  next  another  interval  of 
descending  contours  (Fig.  10),  denoting  a  period  during  which  the 
melting  factor  was  greater  than  the  ice-feeding  factor.  Here  the 
Pennsylvania  railroad  swings  northward  towards  the  sag  be- 
tween the  ice  margin  and  the  valley  wall.  In  doing  this  the  rail- 
road has  made  a  cut  about  one-half  mile  long  and  50  feet  in  maxi- 
mum depth.  The  great  amount  of  clay  in  the  drift  has  necessi- 
tated a  wide  cut  and  frequent  cribbing.     The  region  of  this  cut, 


Fig.  9.  View  from  the  hill  south  of  the  Brick  Plant  looking  northward.  Mo«t 
of  the  area  shown  is  the  flat-topped  Interval  between  halts  4  and  .5.  The  middle 
distance  shows  this  flat  area  extending  into  the  tributary  valley  northward.  The 
ice-front  channels  appear  along  the  highway  leading  n^rth. 
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while  rather  plain-like  in  surface,  is  contiguous  to  morainic  to- 
pography. 

From  the  vicinity  of  Boston  Corners  to  the  easternmost  reach 
of  the  ice-tongue  we  have  a  recessional  period  of  drift  accumula- 
tion during  which  the  ratio  of  the  supply  to  the  melting  factor 
was  a  little  less  than  unity;  but  in  the  neighborhood  of  the  216- 
foot  well  (Fig.  3)  there  is  evidence  of  a  stationary  conditicm  of  the 
ice.  Through  this  whole  distance,  kettles  are  quite  common,  some 
of  which  are  designated  on  the  topographic  map.  Extending 
eastward  from  this  deep  well  -there  is  a  marked  morainic  ridge, 
for  a  ways  simulating  in  its  form  an  esker,  but  gradually  broaden- 
ing into  the  mass  of  very  irregular  drift  in  which  the  loop  ter- 
minates (Fig.  5),  reaching  about  one  mile  into  Muskingum 
County  where  glacial  drift  in  situ  has  not  been  previously  re- 
ported. 

To  account  for  this  ridge  there  are  two  suggestions :  The  ice- 
front  drainage  in  the  direction  of  Black  Run,  which  lies  just  off 
the  northeast  corner  of  the  map,  may  have  been  sufficiently  vigor- 
ous to  remove  most  of  the  debris  collected  from  the  melting  ice; 
it  will  appear  in  later  discussion  that  there  was  active  drainage 
in  this  direction.  Or  the  load  of  rubbish  carried  by  this  valley 
dependency  may  have  been  much  greater  on  its  southern  side ;  the 
rock  spur  on  either  side  of  Hanover  offered  ample  obstruction  to 
the  progress  of  the  ice  to  encourage  acquiring  a  load. 

An  analogous  arrangement  of  rock  spurs  is  noted  on  the  op- 
posite side  of  the  valley ;  here,  however,  it  is  apparent  that  the 
tributary  valleys  were  occupied  by  laterals  from  the  ice-tongue, 
thus  lessening  its  power  of  erosion.  The  low  area  in  which  Han- 
over lies  was  not  similarly  filled  with  ice  for  the  reason  that  its 
approach  from  the  north  is  an  almost  continuous  wall  of  rock 
(Fig.  8),  save  where  the  Rocky  Fork  has  incised  it.  This  wall  was 
doubtless  considerably  lowered  by  ice-erosion  as  there  is  but  lit- 
tle Logan  sandstone  capping  it,  and  apparently  some  of  the  Black 
Hand  in  places  was  also  carried  away.  So  it  seems  that  the  condi- 
tions for  acquiring  a  greater  load  of  rubbish  were  in  favor  of  the 
south  side  of  the  tongue  of  ice  that  fed  eastward  through  this 
valley. 


Digitized  by  VjOOQ IC 


Art.  V)  Carney,    Glacial  Dam  at  Hanover,  147 


Fig.  10.  Tx>okiDg  west  from  halt  3.  The  leveled  surface  of  halt  4  shows  In 
the  middle  distance;  camera  stands  on  the  west  slope  of  halt  3.  Barn  on  left 
Is  In  line  with  the  Brick  Plant. 

THE  DELTA-LIKE  TOPOGRAPHY  OF  PARTS  OF  THIS  VALLEY  DRIFT. 

As  one  approaches  the  Hanover  Dam  area  from  Newark,  he 
notes  the  strip  of  even  sky-line,  flanked  by  irregular  horizons, 
blocking  the  valley  (Fig.  8).  In  ascending  the  grade  just  east 
of  the  Rocky  Fork,  gravel  is  conspicuous  in  the  road  gutters. 
Having  reached  the  summit,  it  is  evident  that  "the  top  is  nearly 
plane."  '  And  looking  eastward  the  second  area  of  level  topo- 
graphy, near  Boston  Corners,  tends  to  emphasize  the  resemblance 
to  a  delta,  or  an  outw^ash  deposit  "from  the  ice  sheet  into  a  body 
of  water  held  in  the  valley  to  the  east."  *  This  second  level  strip 
averages  10  to  15  feet  lower  than  the  first,  thus  the  dam  "de- 
scends gradually  eastward."  '  Therefore  the  topography  and  the 
surface  materials  suggest  that  "while  the  dam  was  accumulating 
a  lake  probably  occupied  the  valley  to  the  east."* 

If  this  accumulation  is  outwash  material,  delta-like  in  form, 
then  we  would  anticipate  finding  other  but  probably  smaller  del- 
tas marking  the  mouths  of  valleys  that  were  tributary  to  the  area 
involved  by  the  static  body  of  water  extending  eastward.  During 
the  long  interval  since  these  smaller  deltas,  if  any  existed,  were 
built  they  must  have  suffered  much  from  erosion  and  solifluc- 
tion,'  but  not  to  the  extent  of  being  obliterated.    We  have  studied 

»  F.  I^verett,  loc.  cit.,  p.  260. 

»  Ibid.,  p.  260. 

•  7Wd.,  p.  260. 

*Ibid.,  p.  286. 

»  J.  G.  Anderson,  Journal  of  Geology^  Vol.  XIV  (1906),  pp.  95-96. 
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many  minor  deltas  laid  down  in  ponded  bodies  which  filled  the 
short  but  wide  tributaries  of  the  major  valleys,  so  common  in 
these  Mississippian-Pennsylvanian  horizons,  and  have  been  sur- 
prised at  the  little  disintegration  such  slight  deposits  of  sediments 
have  suffered.  And  the  lapse  of  time  since  the  Illinoian  glaciation 
is  perhaps  greater  than  is  generally  supposed.  But  concerning 
the  "smaller  deltas"  of  the  body  of  water  in  question:  very  dili- 
gent search  shows  that  there  are  no  such  deltas. 

Furthermore  a  detailed  study  of  the  boundaries  of  the  Hanover 
Dam  shows  the  improbability  of  a  ponded  body  of  water  having 
been  confined  in  the  area,  at  least  since  long  anterior  to  the  earliest 
glaciation.  Gaps,  A,  B,  and  C,  as  shown  on  the  topographic 
map  are  low  places  in  the  rim  of  the  basin  that  must  have  been  in- 
volved in  such  a  static  body. 

These  gaps  are  tributary  valleys  of  the  drainage  line  now  oc- 
cupied by  the  Licking  River.  They  have  tended  to  keep  con- 
sonant grade  with  the  major  valley ;  proof  of  this  fact,  however, 
is  observed  only  in  valley  A,  the  stream  of  which  now  flows  just 
east  of  the  isolated  rock  hill  at  Black  Hand  station  (Fig.  3) ;  this 
stream  has  hardly  yet  attained  the  grade  of  the  major  stream  (Fig. 
6),  with  which  it  possibly  at  a  former  time  made  its  junction  just 
west  of  this  isolated  hill.  This  western  outlet  was  maintained  till 
some  progress  was  made  in  disintegrating  the  Black  Hand  forma- 
tion ;  then  a  tributary  of  the  stream  that  was  at  work  in  valley  B, 
because  of  variation  in  the  structure  of  this  formation,  was  led 
headward  into  valley  A,  and  captured  its  drainage.  This  episode 
in  the  evolution  of  these  gaps  is  mentioned  for  the  purpose  of 
emphasizing  their  chronology. 

The  slopes  of  the  rock  walls  of  valley  C  (Fig.  7),  when  plotted 
downward,  give  a  depth  for  the  bed  rock  quite  in  harmony  with 
the  record  of  the  well-boring  a  short  distance  west  of  the  line 
along  which  this  valley  blends  into  the  east-west  filled  valley  (Fig. 
3).    This  well  reaches  a  depth  of  about  150  feet  below  the  general 
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altitude  of  the  outwash  materials  now  observed  in  valley  C ;  the 
well  does  not  get  into  rock/  Leverett  suggests  that  the  surface 
of  the  Hanover  Dam  may  stand  300  feet  above  the  rock  floor  of 
the  old  valley.'  The  width  of  gap  C  is  measurable ;  its  depth  is 
obviously  beld'w  the  surface  of  the  drift  under  discussion.  That 
the  rock-sculpturing  here  observed  antedated  the  formation  of 
the  Hanover  Dam  seems  very  probable. 

If  the  disintegrated  rock  removed  from  these  gaps,  A,  B,  C, 
were  replaced,  and  a  wall  of  ice  were  standing  across  the  east- 
west  valley  at  Hanover,  we  would  then  have,  so  far  as  this  imme- 
diate area  is  concerned,  the  requisite  conditions  for  an  ice-front 
lake.  But  since  such  a  lake  would  extend  eastward,  its  level  in 
no  case,  save  that  of  a  hypothetical  differential  tilting,  could  rise 
higher  than  the  overflow  that  would  be  established  at  the  first  out- 
let reached ;  such  an  outlet  exists  about  one  mile  east  of  the  area 
shown  on  Fig.  3 ;  it  joins  the  valley  of  the  Licking  at  Nashport, 
and  is  traversed  by  the  old  canal.  It  appears  therefore  that  any 
one  of  the  valleys.  A,  B,  C,  was  fatal  to  the  existence  of  the  con- 
jectured lake.  But  if  these  gaps  were  not  developed  till  after  the 
Illinoian  ice-invasion,  and  if  the  other  southward-extending  drain- 
age lines  to  the  immediate  east  did  not  exist,  then  a  body  of  water 
was  held  up  in  this  old  valley  by  the  ice. 

INTERPRETATION  FROM  THE  STANDPOINT  OF  A  VALLEY  DEPENDENCY. 

Many  difficulties  of  this  problem  clear  up  when  we  understand 
that  the  ice  reached  into  Muskingum  County.  Judgino^  from  the 
amount  of  drift  here  deposited,  from  its  stony  texture,  and  from 


*  In  a  letter  dated  Nov.  27,  1905,  Mr.  G.  E.  Swigert  says  concerning  this 
well :  It  Is  a  drilled  well.  It  is  216  feet  3  inches  from  top  of  casing.  We  went 
through  10  feet  of  yellow  clay  ;  90  feet  of  blue  clay,  or  better  known  among 
drillers  as  hard  pan;  and  from  there  114  feet  of  quick  sand;  thence  to  gravel 
and  completed  the  well  in  the  finest  (best?)  coarse  gravel  I  ever  saw.  There  Is 
131  feet  of  water  in  the  well.  We  struck  a  small  seep  of  water  about  85  feet 
down.  •  •  •  We  took  out  a  few  leaves  and  one  or  two  walnuts  from  the 
quick  sand  about  150  feet  down.  •  •  •  i  never  saw  such  mean  stuff  to  work 
with ;    we  would  work  all  day,  and  get  2  or  3  feet. 

Tight,  Bull.  8ci.  Lab.  Deniaon  Univ.,  Vol.  VIII  (1904),  p.  44  and  Plate 
IV  in  his  map  and  in  his  description  places  a  218  foot  well  just  north  of  the 
rock  spur  near  the  Brick  Plant ;  again  he  speaks  of  it  as  "about  one  mile  east  of 
Hanover."  There  is  no  other  deep  well  in  this  part  of  the  county,  so  Tight  must 
have  been  alluding  to  the  Swigert  well. 

Leverett  (Loc.  cit.,  p.  15(J)  in  discussing  the  old  drainage  quotes  Tlght's 
data  concerning  this  well. 

»  Loc.  cit.,  p.  286. 
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its  surface  features,  we  infer  that  this  most  distal  position  of  the 
ice  was  maintained  for  some  time  (Fig.  3).  Another  rather  pro- 
longed halt*  in  the  retreat  is  apparent  at  and  immediately  west 
of  the  Swigert  well.  The  depth  of  clay  found  in  this  well,  and  in 
the  well  of  Mr.  Felix  Claypool  at  Boston  Corners  is  also  evidence 
of  unmodified  drift.  Kettle  holes,  many  of  them  not  yet  filled  by 
vegetation,  are  common.  The  topography  indicates  another  halt 
of  the  ice  across  the  valley  near  Boston  Corners ;  the  fourth  halt 
going  west  is  in  the  section  crossed  by  the  road  northward  from 
the  Brick  Plant ;  the  last  halt  concerned  in  this  problem  is  marked 
by  the  slope  just  east  of  the  Rocky  Fork  (Fig.  8),  a  slope  which 
has  been  considerably  deformed  by  later  stream  terracing. 

The  delta-like  reaches  of  the  Hanover  Dam,  it  should  be 
noted,  lie  in  rock-walled  segments  of  this  old  valley.  The  appa- 
rent exception  in  the  position  of  gap,  B,  is  not  real,  for  the  follow- 
ing reason :  when  the  ice  retreated  from  the  northern  end  of  this 
gap  it  left  a  ridge  of  drift;  this  was  the  retreat  that  followed 
halt  2.  This  ridge  of  drift  fitting  against  the  rock  hills  both  north- 
west and  northeast  of  the  letter  B,  on  Fig.  3,  had  the  effect  of  a 
rock  enclosure,  exerting  the  same  control  as  <he  rock  slope  east 
of  Hanover.  The  withdrawal  of  the  ice  from  position  2  to  posi- 
tion 3  was  gradual,  leaving  in  its  path  a  marked  morainic  topo- 
graphy. The  retreat  between  halts  3  and  4  was  more  rapid  ( Fig. 
10)  ;  while  a  much  longer  period  of  time  was  used,  and  a  corre- 
spondingly greater  drift  accumulation  was  formed  (Fig.  9),  by 
the  ice  before  making  the  last  stand,  halt  5. 

It  appears  then  that  when  the  ice-tongue  fronted  at  position  3 
there  extended  eastward  as  far  as  position  2  a  fairly  static  reach 
of  water ;  this  was  an  evanescent  condition,  but  was  of  sufficient 
duration  to  partially  level-up  the  hummocky  surfaces  with  an  as- 
sorted deposit  varying  in  thickness. 

We  note  the  same  combination  of  conditions  again  when  the  ice 
stood  at  position  5.  But  here  the  work  was  probably  on  a  larger 
scale,  because  the  normal  ice-front  drainage  was  greatly  aug- 
mented by  the  accession  of  the  waters  of  the  Rocky  Fork  which 
was  carrying  the  run-off  of  a  valley  dependency  extending  east- 
ward from  Wilkins  Run  (p.  133).  Gap  A  for  some  time  conducted 


1  These  halts  are  indicated  on  the  topographic  map,  Fig.  3,  by  1,  2,  etc. 
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these  waters  to  the  valley  sottthward ;  the  ice- front  channels  north 
of  the  Brick  Plant  (Fig.  9)  were  cut  during  the  earlier  stages  of 
this  halt. 

Thus  the  two  locations  that  favored  slack  water  are  marked 
by  level  areas ;  in  spots  this  superficial  material  is  gravel,  elsewhere 
it  resembles  ordinary  flood  plain  deposits. 

ALTERNATE   HYPOTHESES. 

1.  If  gaps  A,  B  and  C  are  of  post-glacial  development,  and 
if  there  were  no  cross  valleys  to  the  east  lower  than  the  top  of  the 
Hanover  Dam,  then  a  lake  could  have  occupied  the  valley,  pro- 
vided further  that  the  grade  of  the  old  east-west  stream  had  not 
already  been  reversed.  We  feel  that  subaerial  erosion  even  since 
Kansan-drift  times  is  incompetent  to  accomplish  the  disintegra- 
tion represented  by  these  north-south  gaps ;  only  gap  A  ever  car- 
ried much  ice-front  drainage,  and  since  the  cessation  of  this  ab- 
normal stream  work,  these  gaps  have  controlled  only  slight  drain- 
age basins.  In  view  of  observations  which  the  purposes  of  this 
paper  do  not  warrant  stating  here  the  writer  feels  that  this  area 
was  tributary  to  eastern  drainage  before  the  earliest  ice  invaded 
this  part  of  the  state.* 

Such  care  has  been  taken  in  mapping  the  area,  and  in  the  de- 
scription of  the  drainage  lines,  that  it  seems  needless  to  point  out 
the  impossibility  of  this  alternate  hypothesis.  It  may  be  said  in 
addition  that  the  great  amount  of  aggraded  ice-stream  deposits 
in  the  gaps  B  and  C  (Figs.  6  and  7),  blending  into  the  terraced 
floodplain  of  the  Licking  indicates  that,  before  the  ice  had  moved 
across  or  opposite  their  northern  ends,  these  gaps  existed  in 
greater  maturity  than  they  now  indicate.  Furthermore  if  these 
gaps  are  post-glacial^-even  post- Wisconsin — in  development,  then 
at  their  up-stream  terminals  they  should  open  into  marked  flat 
areas,  since  streams  equal  to  removing  the  succession  of  rock  for- 
mations already  described  should  have  carried  off,  incident  to  the 
lateral  planation  activity  indicated  by  the  width  of  the  gaps,  a 
much  greater  mass  of  glacial  drift. 

2.     If  there  was  a  general  subsidence  of  the  land  shortly  after 


» This  InterpretatloD  Is  contrary  to  the  findings  of  Leverett,  loc.  oit.,  p.  155 ; 
and  of  Tight,  loo.  cit.,  p.  47. 
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the  maximum  development  of  the  ice  which  deposited  this  drift, 
then  a  lake  may  have  existed  here,  but  its  area  must  have  been 
greater  than  has  been  supposed/  In  discussing  the  silts  found  in 
Ohio,  Leverett  says :  That  this  region  had  an  unfavorable  altitude 
for  drainage  in  the  preceding  Sangamon  interglacial  stage,  and 
probably  stood  much  lower  than  at  present,  seems  evident  from  the 
shallowness  of  the  valleys  which  were  opened  on  the  surface  of 
the  Illinoian  drift.  The  drainage  conditions  seem  to  have  be- 
come still  more  unfavorable  during  the  silt  deposition,  so  that 
erosion  was  either  suspended  or  became  so  weak  that  it  could  not 
keep  pace  with  deposition.  This  increased  imperfection  of  drain- 
age conditions  seems  best  explained  by  a  depression  of  the  land.' 

Assuming  that  this  depression  was  well  in  progress  when  the 
Illinoian  ice  commenced  to  wane,  it  is  possible  then,  with  the  ice 
front  at  halt  5  (Fig.  3),  the  depression  of  theland  rot  attain-ng 
its  maximum  during  this  halt,  that,  as  the  level  of  the  water 
gradually  rose,  the  load  from  the  ice  was  distributed  by  this  water, 
developing  the  existing  delta-like  surfaces.  Under  this  explana- 
tion it  follows  that  the  silt  which  is  common  over  the  surface  of 
the  Hanover  Dam  was  deposited  after  the  ice  had  further  re- 
treated. In  any  event,  if  connection  is  to  be  established  between 
this  possible  silt-producing  depression  of  the  land  and  the  origin 
of  the  Hanover  Dam,  no  long  period  of  time  can  intervene;  the 
successive  halts  of  the  ice,  after  its  farthest  reach  into  Muskingum 
County,  indicate  appreciable  time  periods ;  the  retreat  following 
halt  5  terminated  all  connection  of  the  ice  with  any  such  explana- 
tion of  the  origin  of  this  mass  of  drift.  It  is  necessary,  however, 
before  admitting  even  the  feasibility  of  this  hypothesis  to  recall 
that  contemporaneously  with  the  development  of  the  Hanover 
Dam  other  deltas  should  have  been  in  progress  of  formation,  evi- 
dence of  which  is  wanting. 

With  the  establishment  of  certain  prerequisite  conditions  either 
of  these  hypotheses  is  sufficient  to  account  for  this  delta-like  ac- 
cumulation.    But  this  drift  dam  is  so  morainic  locally  in  surface 


»  leverett,  loc.  dt.,  p.  286. 
»  Loo.  cit,  p.  301. 
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features,  and  contains  so  much  till,  that  its  two  level  areas,  which 
indeed  simulate  true  deltas,  must  be  regarded  as  the  result  of  an 
unusual  slack-water  condition  of  immediately  ice-front  drainage. 

SUMMARY. 

1.  The  ice-front  in  eastern  Licking  County  was  characterized 
by  valley  dependencies.  Further  work  will  doubtless  show  a 
fringe  of  valley  dependencies  wherever  the  lobes  of  the  ice  sheets 
reached  into  the  rough  topography,  resulting  from  the  weather- 
ing of  the  Mississippian  and  Pennsylvanian  formations. 

2.  The  Hanover  Dam  is  the  product  of  one  such  valley  de- 
pendency. 

3.  The  amount  of  disintegration  accomplished  by  all  weather- 
ing agents  since  the  invasion  of  the  Illinoian  ice  sheet  may  easily 
be  overestimated. 

4.  The  principles  of  sedimentation  illustrated  by  the  above 
formations  furnish  suggestions  in  deciphering  the  erosion  history 
of  this  part  of  Ohio. 

Geological  Department,  Denison  University,  Granville,  Ohio, 
March,  1907. 
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THE  ORIGIN  OF  SPRING  VALLEY  GORGE/ 


Earl  R.  Scheffel. 


OUTLINE. 

iMTBODDCnON  I 

The  Old  Valksy. 

Spiinif  Vall«y  and  Its  Trlbatarles. 
Thb  Old  Vallbt — Thboribs  of  Timb  Obigin  : 
-^  Pre-Glaclal. 
Ice-BroaloD. 
Inter-GIaclal. 
Spring  Vaixbt  Gobob: 

Description  of  Abnormal  Course. 
Theories  of  Time  Origin : 
Pre-Gladal. 
Inter-Qladal. 
Post-Qlaclal. 
Glacial. — Early,  Sub-,  Late. 

INTRODUCTION. 

The  area  considered  in  this  article  is  the  Old  Valley  lying  ^>- 
proximately  southwest  of  Granville,  Licking  County,  Ohio,  a  val- 
ley about  one  mile  wide  at  its  junction  with  the  valley  of  the  Rac- 
coon to  which  it  is  tributary,  with  a  longitudinal  axis  trending 
southward  nearly  one  and  one-half  miles.  Fig  2  shows  a  general 
view  looking  from  the  high  knob  on  the  west  (marked  in  Fig.  1, 
156  ft.)  toward  the  east. 

Among  the  features  of  this  Old  Valley  attention  is  particularly 
called  to  the.  main  drainage  line  following,  contrary  to  general 
drainage  laws,  a  course  neither  the  longitudinal  axis  nor  tributary 
to  this  axis,  but  parallel  to  it,  flowing  for  a  part  of  its  course  later- 
ally on  the  east  valley  wall  in  a  rock  channel.  This  rock  walled  in- 
cision is  locally  known  as  Spring  Valley  and  is  so  designated  in 
this  paper. 

The  purpose  of  this  investigation  is  to  determine  the  Geologic 
time  and  genesis  of  this  stream,  particularly  with  reference  to  the 
Spring  Valley  (between  X  and  X,  Fig.  1  and  Fig.  2)  part  of  its 
course.  For  purposes  of  proof,  it  is  requisite  that  not  only  Spring 
Valley  should  be  studied,  but  also  its  tributary  streams,  as  well  as 


*  Thi8  work  was  performed  under  the  direction  of  Professor  Frank  Curney 
as  partial  requirement  for  the  Master's  degree. 
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FiQ.  1.  Contour  map  of  the  Old  Valley.  X-X  marks  the  limits  of  Spring 
Valley.  B  and  H*  are  captured  streams  now  tributary  to  Spring  Valley  stream. 
J — The  Junction  of  two  streams  forming  Spring  Valley  stream.  C — Cut  of  this 
stream  across  the  old  pre-glaclal  channel  of  the  tributary  fif.  W — 146  ft.  well. 
P — ^At  this  point  the  Spring  Valley  stream  is  flowing  on  rock,  between  a  rock 
wall  on  the  east,  and  a  wall  of  glacial  debris  across  the  flood  plain  on  the  west 
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the  Old  Valley  referred  to  above,  which  includes  within  its  bound- 
aries nearly  all  the  data  given. 

THE  OLD  VALLEY.* 

That  the  Old  Valley  is  of  pre-glacial  origin  is  obvious.  If  tlie 
walls  were  of  glacial  debris,  a  post-glacial  theory  might  obtain; 
but  while  the  floor  is  covered  with  a  heavy  glacial  deposit,  rock 
of  the  Black  Hand  formation  outcrops  in  corresponding  horizons 
near  the  Raccoon  ends  of  the  east  and  wes»t  walls,  and  also  at 
points  on  the  western  side  near  the  valley  head.  It  is  equally 
clear  that  originally  the  valley  was  deeper  than  at  present,  as  it 
has  been  partially  filled  with  drift."  Its  situation  was  particularly 
favorable  for  such  accumulation.  Overridden  by  ice,  as  shown 
by  glacial  accumulations  on  the  highest  parts  of  its  walls,  the  situ- 
ation with  respect  to  glacial-motion  (from  the  north  and  north- 
west) was  particularly  favorable  for  holding  a  mass  of  ice  as  in 
a  pocket,  retarding  onward  progress,  and  admitting  continuous 
accessions  to  take  the  place  of  the  ice  melted. 

That  such  a  process  continued  during  a  long  period  of  time, 
and  very  effectively  from  a  depositional  standpoint,  is  evidenced 
by  the  great  depth  of  debris  in  the  valley.  Data  for  many  portions 
was  not  available.  Among  such  portions  may  be  included  the  val- 
ley divide  on  its  eastern  wall  and  also  the  southern  end  of  this 
wall  which  present  peculiar  phases  suggestive  of  old  and  new 
drainage  complications,  a  discussion  of  which  would  not  be  rele- 
vant to  this  article.  Above  the  exposed  rock  walls  a  thin  deposit 
of  drift  varying  in  depth  in  accordance  with  simple  topographic 
laws  is  found.  At  the  point  marked  W  on  Fig.  1,  where  a  145 
foot  well  was  drilled  two  years  ago,  136  feet  of  drift  was 
penetrated  before  rock  was  reached.  The  point  mentioned  is  but 
a  short  distance  from  the  valley  wall  where  rock  outcrops  in  a 
drainage  bed,  with  only  about  15  ft.  of  debris  above  it.  This 
would  indicate  a  far  greater  thickness  of  deposit  in  the  lower  part 
of  the  valley  course.  None  of  the  wells  in  this  section  about  which 
information  was  obtained  are  as  deep  as  the  one  above  mentioned, 
nor  do  they  reach  the  rock,  but  a  gas  well  drilled  in  the  flood  plain 


»  Leverett,  U.  S.  Monograph  XLI   (1902),  p.  172. 

•  Wrlgrht   refers  to   drift   about   Granville   In   his    "The   Ice   Age   In  NorUi 
America"   (1891),  pp.  468,  493.     Cut  on  p.  284. 
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of  Raccoon  Valley  at  a  point  about  one-half  mile  east  of  Spring 
Valley  struck  rock  275  ft.  below  the  surface,  a  depth  quite  likely 
approximating  the  greatest  thickness  of  aggraded  material  (some 
of  which,  however,  may  represent  the  pre-glacial  flood  plain),  in 
the  tributary  **01d  Valley." 

Spring  Valley,  then,  can  not  be  explained  as  coincident  in 
origin  with  the  development  of  the  Old  Valley,  for  such  an  ex- 
planation would  present  the  incongruity  of  two  parallel  streams, 
one  flowing  near  the  axis  of  the  valley,  with  normal  tributaries, 
the  other  elevated  possibly  over  two  hundred  feet  flowing  laterally 
along  the  eastern  side  in  a  rock  gorge.  If  any  possibilties  of  struc- 
tural weakness  or  of  topography  could  even  permit  the  formation 
or  origin  of  such  a  stream,  its  course  would  not  be  maintained  for 
any  long  period  of  time.  Soon  a  vulnerable  point  in  the  relatively 
narrow  west  bank  separating  it  from  the  old  valley  would  be 
discovered,  and  the  waters  released  to  take  a  natural  course  trib- 
utary to  the  stream  occupying  the  axis  of  the  Old  Valley. 

Before  dismissing  the  topic  "The  Old  Valley'*  it  may  be  re- 
marked that  a  theory  of  glacial  origin  due  to  erosional  processes 
of  glacial  ice  is  not  tenable.  The  thickness  of  debris  in  this  section 
and  its  low  percentage  of  local  constituents  suggest  the  erosional- 
inactivity  of  the  enclosed  ice  during  at  least  the  later  stages  of  the 
Ice  Age,  while  protecting  hills  of  rock  in  height  about  the  same 
as  the  walls  of  the  Old  \'alley,  lying  on  the  farther  side  of  Raccoon 
Valley  and  opposite  to  the  entrance  of  the  Old  Valley  into  the 
latter,  as  well  as  the  trend  of  this  valley  transverse  to  ice-move- 
ment, offer  irreconcilable  difficulties  to  any  theory  of  active  ero- 
sional processes  in  this  section  during  any  glacial  epoch. 

Also  the  topography  of  the  valley,  its  great  width  relative  to 
its  length,  and  the  great  depth  to  bed  rock,  is  indicative  of  an 
earlier  drainage  line,  a  line  continuing  during  such  a  long  interval 
of  time  that  this  area  was  probably  reduced  to  a  mature  condition 
with  erosional  processes  declining  in  a  rapidly  changing  ratio  as 
cutting  proceeded.  At  the  period  of  its  history  just  before  gla- 
ciation  this  Old  Valley  may  be  regarded  as  having  about  as  nearly 
approximated  a  condition  of  base-level  as  its  distance  from  the 
sea  would  permit.*    This  evidence  of  maturity  in  the  Old  Valley 


»  Davis,    **B«ae   T/evel,   Grade  and   Peneplain,"  Journal   of   Geology,   Vol.    10 
(1902),  pp.  77-111. 
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Vig.  2.  View  looking  ncross  the  Old  Valley  toward  the  east.  Note  the  con- 
tinuous upward  slope  of  the  east  wall,  almost  concealing  Spring  Valle.v  lylnjr 
between  X-X.  The  mature  appearance  of  the  Old  Valley,  with  the  cut  of  the 
central  drainage  line  through  unconsolidated  material  Is  shown. 

may  be  also  iir^ed  against  any  theory  of  inter-glacial  origin. 

The  present  drainage  lines  of  the  Old  Valley,  with  the  excep- 
tion of  Spring  Valley,  oifer  little  of  interest  following  as  they  do 
subsequent  courses  over  the  drift. 

In  connection  with  this  discussion  of  the  Old  V^alley,  it  may 
be  mentioned  that  there  is  evidence  of  a  west-flowing  pre-glacial 
stream  in  the  valley  of  the  Raccoon  (to  which  this  Old  X^alley  is 
tributary).  The  cause  for  the  diversion  of  Raccoon  Creek  at  this 
point  from  a  west-flowing  to  an  east-flowing  stream  will  be  the 
subject  of  a  future  paper. 

SPRING   VALLEY    STREAM.' 

Spring  X^alley  Stream  is  formed  by  the  union  of  two  slight 
creeks,  converging  and  draining  the  entire  southerly  portion  of  the 
Old  Valley.  These  two  streamlets,  starting  on  the  valley  walls, 
follow  lines  through  the  drift,  and  present  no  peculiar  drainage 
features  until  a  short  distance  beyond  their  junction  (J.  Fig.  1), 
where  a  sharp  bend  eastward  then  a  northward  turn  leads  the 
united  stream  through  a  gorge  cut  into  the  eastern  wall  of  the 
Old  Valley.  This  portion  of  its  course  is  known  as  Spring  Valley. 
Both  data  and  theory  will  be  given  to  show  that  Spring  Valley 


'  See  reference  under  the  Old  Valley. 
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can  be  neither  of  pre-,  inter-,  nor  post-glacial  origin,  but  must  be 
of  late  glacial  development. 

One  step  of  the  proof  that  Spring  Valley  is  not  of  pre-glacial 
origin  has  already  been  given  in  connection  with  the  discussion 
of  the  Old  Valley,  but  the  most  striking  evidence  against  such  a 
theory  is  found  along  the  course  of  Spring  Valley  itself.  Its 
rock  walls  rise  almost  perpendicular.  Above  them  the  banks 
reach  still  higher,  particularly  on  the  eastern  side,  over  a  gentle 
debris-laden  slope.  The  effect  is  such  that  viewing  the  east  wall 
of  the  Old  Valley,  as  in  Fig.  t,  a  continuous  even  slope  almost 
concealing  Spring  Valley  (between  the  points  A'  and  X)  is  ob- 
served. Such  a  continuity  of  slope  could  not  obtain  if  the  stream 
were  of  pre-glacial  origin  for  if,  as  stated  above,  such  a  stream 
were  once  formed  it  would  soon  cut  through  its  western  bank  at 
some  point  and  drain  into  the  major  stream. 

Only  abnormal  conditions,  as  might  operate  during  a  glacial 
epoch,  could  originate  such  a  course.  The  divergence  of  the 
united  stream  from  debris  into  a  rock  channel  on  the  valley  wall,  • 
when  the  course  could  far  more  readily  be  continued  under  normal 
conditions  through  drift  to  the  axis  of  the  major  valley,  can  not  be 
consistently  explained  on  any  other  hypothesis. 

The  steep  rock  walls  of  Spring  Valley  are  evidence  of  newness. 
The  gentler  slopes  above  them,  debris-covered,  indicating  a  well 
eroded  surface  sloping  to  the  axis  of  the  old  valley,  contrast 
sharply  with  these  but  slightly  weathered  almost  vertical  rock 
walls.  The  slope  of  the  stream  bed  is  also  an  indication  of  com- 
parative newness.  The  fall  through  Spring  \^alley  alone,  a  dis- 
tance less  than  one-third  of  a  mile,  is  35  feet. 

The  most  striking  proof  of  the  late  origin  of  Spring  Valley  is 
found  in  its  tributaries.  It  is  obvious  from  the  description  of  this 
valley  already  given  that  all  secondary  drainage  must  be  received 
from  tlie  eastern  side.  This  tributary  drainage  is  represented 
by  the  stream  S,  Fig.  1,  in  the  lower  part  of  its  course,  and  by 
the  two  streams,  which  for  reasons  to  be  explained  later  may  be 
regarded  as  one,  marked  S',  Fig.  1  and  T^ig.  3,  in  the  upper  part 
of  its  course. 

The  first  of  these  tributaries,  a  tiny  stream  draining  a  small 
area,  occupies  a  short  valley  showing  every  evidence  of  maturity. 
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No  rock  walls  are  exposed  and  the  slope  from  the  valley  top  is 
uniformly  gentle  to  the  stream  bed,  which  is  an  insignificant  cut 
in  glacial  debris.  Presumably  this  valley  at  one  time  contained 
much  more  debris  than  at  present,  but  this  unconsolidated  material 
has  permitted  rapid  erosion,  lowering  the  stream  to  the  grade  of 
Spring  A'alley,  and  developing  a  valley  similar  to  the  original  in 
its  upward  slopes.  One  essential  difference,  however,  is  noted: 
At  the  junction  of  this  valley  with  Spring  Valley  in  a  cut  (C, 
Fig.  1)  through  the  flood  plain  which  the  latter  has  built  across  the 
present  mouth  of  the  former  is  exposed  compactly  bedded  de- 
posits of  blue  and  yellow  clay-like  material,  located  in  what  would 
naturally  be  the  bed  of  this  tributary  stream ;  in  places  these 
deposits  are  nearly  homogeneous,  showing  little  evidence  of  for- 
eign gravels.  Again,  especially  in  some  of  the  yellowish  or  brown 
colored  sections,  ample  evidence  is  found  of  foreign  pebbles. 

At  a  point  (P,  Fig.  1)  just  north  of  this  tributary  to  Spring 
Valley,  in  the  cut  of  the  latter,  the  east  rock  wall  abutting  Spring 
Valley  and  the  rock  bed  of  its  stream  is  noted.  Proceeding  soutli- 
ward  the  rock  wall  gradually  declines  forming  the  even  north 
slope  of  the  tributary  valley.  For  a  short  distance  further  the 
rock  shows  but  a  few  feet  vertical  exposure  in  the  cut  of  Spring 
X'alley  flood  plain.     Then  the  outcrop  becomes  more  and  more 


Fig.  S.  view  from  flood  plain  of  Spring  Valley  gtrenm,  looking  north.  8* — 
Captured  drainage  now  tributary  to  Spring  Valley  Htream.  X — Kutrance  to 
Spring  Valley  gorge,     Ilock  outcrop  shows  to  the  left. 
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broken,  finally  bkncling  into  the  day-like  material  previously 
mentioned.  This  material,  with  some  modifications,  continues 
until  near  a  point  opposite  the  south  bank  of  the  tributary  valley 
when  a  progressive  change  to  soHd  rock  walls  and  bottom  is  noted 
as  first  instanced.  In  general  a  consistent  arrangement  of  ma- 
terials is  observed  on  both  banks  of  the  cut  in  this  flood  plain. 

Only  one  explanation  for  this  peculiar  arrangement  of  debris 
in  the  mouth  of  this  tributary  to  Spring  Valley  seems  plausible. 
It  is  readily  accounted  for  on  the  hypothesis  that  this  drainage 
line  formerly  crossed  what  is  now  Spring  Valley,  emptying  into 
the  stream  of  the  Old  Valley.  During  glacial  times  this  channel 
was  filled  with  drift,  part  of  w^hich  is  now  revealed  as  before  men- 
tioned. That  a  flood  plain  has  been  formed  by  the  Spring  Valley 
stream  at  this  point  and  on  both  sides  (the  area  surrounding  C, 
Fig.  1)  is  due  to  the  comparatively  soft  material  constituting  the 
debris  filling  the  old  channel  (tributary  to  the  Old  Valley)  which 
it  has  been  able  to  cut  out  rapidly  at  an  earlier  period  of  its  his- 
tory. Thus  for  a  part  of  its  course  this  old  valley  was  exposed, 
while  its  drainage  was  captured  at  the  same  time. 

In  this  connection  it  may  be  noted  that  there  is  no  high  rock 
wall  corresponding  on  the  west  side  to  P,  Fig.  1,  on  the  right 
side.  Instead  the  bank  shown  is  of  glacial  debris  deposited  over 
the  old  channel  of  the  captured  tributary  S.  This  tributary  in 
its  original  course  to  the  axis  of  the  Old  Valley  cut  off  what  would 
otherwise  have  been  the  northern  end  of  the  western  rock  bank 
of  Spring  Valley. 

The  Old  Valley  and  this  tributary  S  doubtless  were  long  under 
the  influence  of  glaciation.  The  immense  depth  of  debris  in  the 
former  would  alone  indicate  this,  but  in  the  tributary  S,  particu- 
larly in  the  cut  through  this  old  filled  channel,  as  stated  above, 
evidence  is  found  of  the  varying  age  of  the  drift.  Some  of  this 
material,  as  before  described,  is  clay-like,  yellowish  in  color  in- 
dicative of  a  long  period  of  exposure  and  resultant  weathering, 
probably  during  an  inter-glacial  epoch.  A  blue  clay  also  fre- 
quently outcrops.  It  is  difficult  to  determine  in  this  limited  ex- 
posure the  relative  positions  of  these  clays.  The  blue  clay  horizon, 
however,  seems  to  be  below  the  yellow,  hence  is  suggestive  of  an 
earlier  protected  deposit.     The  appearance  of  these  clays  corre- 
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spends  to  Leverett's  description  of  the  Illinoian  drift*.  At  several 
points  in  the  cut  a  thin  bedding  of  foreign  pebbles  cemented  into 
a  conglomerate  like  mass  was  noted.  The  stained  and  weather- 
worn appearance  of  these  masses  suggests  great  antiquity. 

The  compactness  of  all  the  drift  lying  below  the  recent  de|X)sit 
of  the  Spring  Valley  fiocnl  plain  at  the  point  mentioned  implies 
great  pressure,  due  probably  to  overlying  debris  which  has  been 
removed,  and  the  weight  of  the  over-riding  ice.  Many  large  gran- 
ite bowlders  are  also  noted  at  this  point  and  southward,  the 
presence  of  which  will  be  discussed  later. 

The  history  for  the  second  tributary  streams  S*  is  similar  to 
that  for  S,  but  the  explanation  is  more  complicated.  The  more 
northerly  of  the  two  small  streams  runs  over  rock  near  its  junc- 
tion with  the  Spring  Valley  stream,  and  shows  rock  walls  extend- 
ing about  one  foot  vertical  height  on  either  side.  But  on  the 
north  side  alone  can  be  traced  the  gradual  rise  of  rock  along 
Spring  Valley,  representing  probably  the  old  north  wall  for  this 
second  pre-glacial  stream  now  tributary.  Drift  alone  is  found 
for  some  distance  south  of  this  point,  the  other  and  smaller  stream 
showing  no  evidence  of  rock  exposure.  Presumably  the  first 
stream  is  pursuing  a  course  lying  just  at  the  base  of  the  north 
rock  wall  of  this  second  valley  tributary  to  Spring  Valley.  The 
south  rock  wall  has  not  been  definitely  located.  It  is  hence  evi- 
dent that  these  two  streams  have  their  rise  in  a  drift-filled  channel 
tributary  to  the  Old  Valley,  as  in  the  case  of  the  stream  S,  The 
debris-evidence  in  the  cut  of  Spring  Valley  stream  through  its 
flood  plain  at  this  point  before  entering  the  gorge,  cc«ifirms  this 
theory. 

It  may  be  added  that  the  flood  plain  material  directly  above  the 
rock  at  the  points  between  the  two  tributary  valleys  just  dis- 
cussed, and  imposed  on  the  clay-like  debris  marking  the  old  pre- 
glacial  channels  of  these  tributaries,  is  itself  evidence  of  the  com- 
paratively recent  origin  of  Spring  Valley.  This  flood  plain  ma- 
terial is  composed  of  stratified  layers  of  broken  local  sedimentary 
rock  mingled  with  glacial  debris,  the  former  generally  in  excess. 

THEORIES  FOR  ORIGIN  OF  SPRING  VALLEY. 

This  article  has  endeavored  to  show  that  Spring  Valley  does 


»  Leveret t,  U.  S.  Monograph  XLI,  p.  272. 
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not  mark  a  pre-gldcial  drainage  line.  The  other  possible  time 
periods  of  origin  are  inter-glacial,  post-glacial  and  glacial. 

Inter- glacial  Theory,  The  arguments  for  an  inter-glacial 
theory  of  origin  must  be  similar  to  those  amplified  in  the  succeed- 
ing paragraph.  The  same  objections  also  hold.  This  theory  has 
an  even  less  secure  basis,  for  admitting  that  such  a  stream  might 
be  formed  inter-glacially,  later  glacial  epcKhs  would  probably  ob- 
literate its  channel  with  debris. 

Post-glacial  Theories,  On  the  supposition  that  the  Old  Valley 
was  formerly  filled  high  up  on  its  walls  with  glacial  debris,  it 
might  be  concluded  that  the  Spring  Valley  drainage  formerly  pur- 
sued a  consequent  course  superimposed  over  solid  rock,  in  glacial 
debris ;  soon  cutting  through  this  drift  into  the  rock,  its  course  be- 
came fixed.  Then  the  western  portion  of  the  Old  Valley  with  its 
greater  depth  of  glacial  rubbish,  permitting  more  rapid  cutting 
than  did  the  rock  Iwund  Spring  Valley,  has  been  given  its  present 
topography  as  hitherto  described,  leaving  Spring  Valley  following 
laterally  on  the  east  valley  wall.  This  theory  is  hardly  tenable 
since  a  mature  transverse  valley  is  rarely  so  completely  buried 
that  its  topography  is  not  a  factor  in  post-glacial  time.  The  drift 
would  tend  to  slope  downward  to  the  axis  of  the  original  valley, 
and  drainage  lines  originated  on  the  drift-covered  valley  wall 
would  normally  tend  toward  this  axis,  rather  than  cut  a  channel 
through  solid  rock  parallel  to  it. 

One  theory  for  the  origin  of  rock  gorges  in  Licking  County 
is  that  they  have  been  formed  by  the  undermining  of  the  rock 
by  springs,  the  action  being  accelerated  by  the  caving  in  of  the 
rock  roof  from  time  to  time.*  Such  an  explanation  does  not  ade- 
quately account  for  the  great  depth  (Fig.  1)  and  the  width  of 
Spring  Valley  gorge,  especially  considered  with  reference  to  its 
appearance  of  newness  as  elsewhere  described.  Neither  does  it 
account  for  the  large  number  of  granite  bowlders  found  along  this 
valley,  which  must,  according  to  such  an  explanation,  have  come 
from  an  area  above  but  little  larger  than  that  of  the  present  val- 
ley. The  eastern  slope  of  the  old  valley  does  not  carry  many 
bowlders.    This  theory,  moreover,  would  demand  that  the  lower 


»  M.  C.  Head,  "Licking  County/*  (Scijloglca!  Survey  of  Ohio,  Vol.  Ill,  Part  1, 
(1878),   pp.   350,   351. 
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part  of  the  rock  be  the  most  weathered,  a  reversal  of  what  is 
found  in  normal  streams.  Spring  \'alley  gorge  corresponds  with 
the  latter  in  this  respect. 

Glacial  Theories.  Early  Glacial. — That  such  a  gorge  as  that 
of  Spring  \'alley  might  have  been  formed  during  early  glacial 
times  would  be  quite  in  accordance  with  the  accepted  explanation 
given  later.  The  difference,  however,  is  apparent.  It  is  not 
probable  that  the  ice  would  maintain  a  stable  position  relative  to 
this  channel  throughout  a  long  interval  of  time.  There  would  be 
many  advances,  retreats  and  halts.  Its  chance  for  survival  during 
such  changes  in  the  ice  movement  would  be  the  same  as  for  any 
deep  depression.  It  would  be  filled  with  debris  and  smoothed  to 
correspond  with  the  adjacent  topography. 

Sub-glacial  Theory. — That  sub-glacial  streams  are  of  frequent 
occurrence  is  a  fact  well  known  to  the  literature.  That  such 
streams  frequently  follow  courses  independent  of  topography  is 
equally  well  known.  Such  streams,  however,  are  usually  over- 
laden with  debris  received  directly  from  the  ice.  This,  together 
with  the  restraint  of  the  ice-covering  reduces  their  cutting  effi- 
ciency, sometimes  even  making  them  so  inactive  that  deposition 
rather  than  erosion  obtains.  In  Spring  Valley  an  erosional  ac- 
tivity is  evidenced  with  few  parallels  in  known  sub-glacial  stream 
courses.  Further  argument  against  this  theory  is  similar  to  that 
in  the  preceding  paragraph.  Even  if  formed  under  such  condi- 
tions as  mentioned,  the  instability  of  the  ice  would  tend  to  change 
the  channel,  as  well  as  to  fill  any  channels  that  might  be  formed 
with  glacial  debris.  However  favorable  the  conditions,  none  of 
these  channels  could  escape  the  influence  of  the  ice-retreat. 

Late-Glacial  Theory. — While  it  is  impossible  to  prove  without 
question  such  a  genesis,  nevertheless  in  the  theory  of  a  late-glacial 
origin  of  Spring  Valley  it  is  difficult,  if  not  impossible,  to  find 
unanswerable  objections  to  any  of  its  phases. 

During  this  period  the  Old  Valley  can  be  imagined  as  occu- 
pied by  ice  reaching  out  over  the  west,  abutting  against  its  east 
wall  and  extending  as  a  tongue  for  some  distance  along  the 
valley  of  the  Raccoon,  the  ratio  between  advance  and  retreat  at 
this  time  approximating  unity.  Under  such  conditions  the  ice 
would  melt  away  from  its  upper  contact  with  the  east  wall  of  the 
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Old  Valley  on  both  the  west  and  north  exposures,  leaving  a  chan- 
nel between  the  rock  and  ice.  This  channel  would  afford  a  ready 
outlet  for  ice-front  waters,  and  with  the  ice  maintaining  a  per- 
manent position,  the  gorge  cutting  would  proceed  rapidly.  After 
a  certain  period  of  time,  a  period  determinable  by  the  volume  of 
glacial  waters  and  its  cutting  tools,  a  channel  would  be  developed 
which,  by  incising  the  solid  rock  of  the  valley  wall,  might  become 
fixed  for  an  indefinite  period. 

The  large  number  of  big  granite  bowlders  found,  especially 
near  the  outlet  end  of  the  Spring  Valley  course,  is  indicative  of 
the  vigor  of  this  late  glacial  drainage.  This  circumstance  also 
supports  the  theory,  later  elaborated,  that  Spring  Valley  drainage, 
while  the  ice  maintained  its  position  in  Raccoon  Valley,  took  a 
course  eastward  around  the  north  end  of  the  Old  Valley  wall; 
the  lowering  in  the  velocity  of  the  water  near  the  turn  would 
cause  the  heavier  part  of  its  load  to  be  dropped. 

The  stratigraphy  of  the  Black  Hand  rock  also  favors  the  late- 
glacial  theory ;  of  sandy  shale-like  character,  with  numerous  joints 
and  bedding  planes  *  both  normal  weathering  and  the  removal  of 
large  blocks  of  stone  would  be  facilitated.* 

While  on  the  western  slope  of  the  east  wall  of  the  Old  Vallev 
the  waters  soon  cut  a  channel  into  the  rock  so  far  that  a  guarding 
boundary  of  ice  was  no  longer  essential,  it  is  probable  that  towards 
the  northern  end  the  ice  constituted  one  bank  of  the  stream  for  a 
longer  period  of  time.  Here  the  conditions  differed,  the  stream 
chauNel,  being  parallel  to  the  direction  of  ice  movement  in  the 
Raccoon  Valley,  could  maintain  its  position  even  while  the  ice 
tongue  was  retreating. 

The  theory  that  this  drainage  line  after  emerging  from  Spring 
Valley  continued  its  course  around  the  end  of  the  valley  wall  as 
before  suggested  constitutes  in  itself  a  problem.  There  are  sev- 
eral facts  in  accord  with  such  an  explanation.  The  steepness  of 
this  slope  indicates  but  little  weathering.  If  this  steep  condition 
had  been  produced  pre-glacially  it  would  present  a  more  mature 
appearance,  and  if  eroded  by  ice  the  tendency  would  have  been 
to  accentuate  such  a  condition.     There  is,  moreover,  practically 

*  Cam€y,  "Geology  of  Perry  Township,  Licking  County,  O."  Bulletins  Scien- 
tific Laboratories,  Denlson  University,  Vol.  XIII  (1906),  p.  120.  123. 

'  Westgate,  '^Abrasion  by  Glaciers,  Rivers  and  Waves,"  Journal  of  Geology, 
Vol.  XV  (1907),  pp.  116,  117. 
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no  glacial  debris  on  this  end.  Its  absence  can  readily  be  ex- 
plained by  the  presence  of  such  a  stream  which,  turning  the  bend 
eastward  on  emerging  from  Spring  Valley,  would  first  be  checked 
in  its  speed,  leaving  a  large  part  of  its  load  behind,  then  with 
renewed  force  would  sweep  along  between  the  northern  end  of  the 
east  valley  wall  and  the  ice,  clearing  from  the  former  any  debris 
which  may  have  been  laid  before  j:he  genesis  of  this  stream. 

Part  of  this  debris  would  be  carried  forward  with  the  stream, 
part  dropped  to  its  bottom,  this  process  continuing  as  the  stream 
lowered  itself  between  the  rock  wall  and  the  ice.  As  the  Raccoon 
ice  tongue  retreated  back  of  this  valley  end,  this  stream  would  be 
finally  released  so  that  a  normal  route  could  be  followed  from 
Spring  Valley  to  the  drainage  line  of  Raccoon  Valley.  Any  ter- 
race left  would  be  rapidly  obliterated  by  weathering  and  erosion, 
though  even  now  the  lower  slope  of  this  end  wall  is  suggestive  of 
a  former  stream  terrace. 

SUMMARY. 

A.  That  the  Spring  \'alley  stream  is  not  of  pre-glacial  origin  is 

proved  by 

1.  Its  position  on  the  east  rock  wall  of  the  Old  Valley,  fol- 

lowing a  lateral  course  parallel  to  the  axis  of  this  Old 
\^alley. 

2.  The   fact  that  its  tributaries  formerly  emptied  into  the 

drainage  line  of  the  Old  Valley. 

3.  The  character  of  its  rock  walls  and  of  the  glacial  debris 

found  along  its  course. 

B.  That  Spring  Valley  is  of  late  glacial  origin,  having  started 

between  the  margin  of  the  ice  and  the  valley  wall,  is  sup- 
ported by 

1.  The  elimination  as  not  plausible  of  a  pre-,  post-,  and  early 

glacial  genesis. 

2.  By  the  strict  accordance  of  this  theory  with  the  possibili- 

ties. 

C.  Theory  and  data  suggest  that  the  Spring  Valley  stream  con- 

tinued around  the  north  end  of  the  east  wall  of  the  Old 
Valley  between  ice  and  rock  until  the  retreat  of  the 
Raccoon  ice-tongue. 
Geological  Department,  Denison  University,  Granville,  Ohio, 
July,  1907. 
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PLATE  1. 


Fi^.  /.  A  section  along  ihe  Rocky  Fork  in  soulhwestern  pari  <»f  Plm. y 
township,  marking  contact  of  the  Cuyahoga  and  IJIack  llantl  formations  The 
lower  3  feet  is  Cuyahoga. 


Fig.  4.     Disintegration  of  the  Sharon.     This  view  is  in  an  escarpment,  over 
a  mile  long,  the  result  of  differential  weathering. 
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PLATE  VII. 
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/'/i^  S,     Columnar  remnants  that  could  not  have  withstood  ice-abrasion. 
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PLATE  VIII. 


Fi^.  g.  A  liigiiway-cut,  aboiil  65  Ln'i  below  tin?  highest  point  of  Clag- 
geU'.s  ilill,  in  residual  soil  ;  in  upper  pari  of  Seeiion  is  a  block  which  has  crept 
down  frc»!n  above. 
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